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PREFACE 


The  report  of  the  past  year's  work  is  contained  in 
Chapters  1  through  6.  A  suiranary  reporting  the  entire  project 
(two  years)  is  appended.  It  is  not  intended  to  be  an  abstract 
of  the  final  reports  of  Phases  I  and  II.  Instead,  it  is  an 
independent  statement  of  the  rationale  of  the  project  and  our 
own  evaluation  of  progress. 

A  number  of  people  worked  on  the  project  this  past  year. 
Donald  Dellinger  (SCI)  and  Donald  Schudel  carried  out  the 
bulk  of  the  interviewing.  They  reported  on  a  standard  form, 
copies  of  all  these  reports  have  been  given  to  the  office  of 
Geography  Programs,  ONR.  Robert  Smith  and  Fenn  Sykes  v/ere 
consultants.  Mr.  Sykes  examined  all  the  systems  statements 
for  consistency,  and  his  comments  and  suggestions  were  particu¬ 
larly  helpful  in  the  development  of  the  ecology  and  information 
system  descriptions.  Mr.  Smith  examined  the  weapons  systems 
acquisition  process  for  its  use  of  environmental  data.  What¬ 
ever  clarity  and  distinction  the  illustrations  have  must  be 
credited  to  the  scientific  artistry  of  Sheldon  Shenk. 

We  are  especially  grateful  to  personnel  of  the  office  of 
Geography  Programs  for  their  continual  support  in  procuring 
documents  and  paving  the  way  for  our  visits  to  naval  offices. 
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ABSTRACT 


Progress  on  this  year's  work  is  suiranarized  in  the  form 
of  four  "lessons  learned":  (1)  there  is  a  good  deal  of  evi¬ 
dence  within  Navy  that  environmental  impact  is  a  significant 
factor  in  effectiveness  of  naval  operations;  (2)  the  inter¬ 
action  focus  is  with  weapons  systems;  therefore,  the  basis 
for  understanding  environmental  impact  is  naval  ecology  — 
the  science  of  the  interactions  between  environment  and  men- 
and-machines  in  discrete  naval  activities;  (3)  naval  ecology 
provides  the  framework  which  relates  the  four  basic  naval 
functions,  and  it  clarifies  the  distinctions  made  between 
research  and  development,  both  of  which  are  relevant  in 
weapons  systems  terms,  but  in  different  fashions;  and  (4)  a 
coastal  information  system  is  such  a  powerful  addition  to 
any  organization,  serving  not  only  the  decision-making  process 
but  also  the  process  of  developmental  change,  that  it  must  be 
carefully  developed  in  accordance  with  both  the  scientific 
structure  of  naval  ecology  and  the  functional  and  organizational 
patterns  of  Navy. 

Investigations  leading  to  these  lessons  led  us  to  postu¬ 
late:  (a)  a  model  of  naval  ecology,  and  (2)  a  description  of 

a  theoretical  coastal  information  system.  In  effect,  these 
models  constitute  our  major  findings:  (1)  that  it  is  possi¬ 
ble  to  begin  to  build  from  present  knowledge  an  aggregated 
and  extrapolatable  body  of  information  concerning  the  effect 


of  environment  on  a  given  naval  operation;  and  (2)  that  it  is 
possible  now  to  design  and  introduce  a  partial,  prototype 
coastal  information  system  which  will  produce  command  level 
outputs  to  all  four  naval  functions  for  an  amphibious  oper¬ 
ation. 


CHAPTER  1 


INTRODUCTION 

While  there  is  a  great  temptation  to  report  progress  on 
the  basis  of  the  projections  made  in  proposals,  it  seems  at 
this  point  in  the  study  more  useful  to  recapitulate  in  terms 
of  the  "lessons  learned".  Despite  the  systems  approach  used 
in  this  project,  it  is  still  research,  not  development.  One 
starts  not  with  the  ultimate  idea  of  constructing  an  infor¬ 
mation  system,  but  rather  with  the  idea  of  attempting  to  find 
out  what  an  information  system  must  do  and  whether  in  fact  it 
seems  feasible  after  that  to  do  it  or  not.  It  is  on  the  basis 
of  what  we  have  learned  about  both  the  ideal  world  of  naval 
ecology  and  the  real  world  of  naval  organization  that  we  roust 
evaluate  the  probability  that  a  useful  coastal  information 
system  ought  to  be,  and  can  be,  innovated  by  Navy. 

Lessons  Learned 

The  following  four  lessons  constitute  our  basis  for  esti¬ 
mating  the  situation  and  projecting  future  worX. 

(1)  The  importance  of  environn\ental  impact.  There  is 
abundant  evidence  that  environment  often  plays  a  key  role  in 
the  success  or  failure  (or  more  often  partial  success  or 
partial  failure)  of  a  naval  operation,  just  as  environmental 
constraints  consistently  degrade  the  performance  of  men  and 
machines  in  day-to-day  civilian  activities  in  all  cultures. 


The  probability  is  great  that  systematic  discovery  and  appli¬ 
cation  of  principles  of  environmental  impact  would  upgrade 
performance  of  men  and  machines  and  would  be  cost-effective 
for  Navy,  and  there  are  good  but  not  sufficient  reasons  why 
this  has  not  been  done. 

(2)  The  basic  nature  of  a  knowledge  of  naval  ecology. 
Naval  ecology  —  the  science  of  the  interactions  between 
environment  and  men- and -machines  in  discrete  naval  activities  - 
is  inadequate  at  the  present  time  to  provide  a  framework  for 
a  responsive  coastal  information  system,  although  much  of 
the  data  basic  to  such  a  framework  apparently  exists. 

For  decades  this  whole  interdisciplinary  area  has  been 
investigated  sporadically,  recognized  in  some  ways  and  not 
at  all  in  others,  and  in  general  not  dealt  with  systematically 
at  all.  The  result  is  that  the  Navy  has  a  great  many  "test 
sites"  but  adequate  methods  of  environmental  testing  i.e., 
determining  the  efficiency  of  operation  of  a  given  person  or 
kind  of  materiel  in  a  given  environment  —  appear  to  vary 
from  one  site  to  another*  It  has  a  fleet  weather  service 
which  transmits  a  great  deal  of  environmental  Information, 
some  of  it  extremely  valuable,  some  not  very  useful,  but  mean¬ 
while  all  kinds  of  vital  environmental  data  are  not  even 
collected,  let  alone  disseminated.  It  has  the  capability  of 
I^otographing  large  areas  from  the  air  before  an  operation, 
but  little  capability  of  handling  all  of  these  visual  data 


once  they  are  collected.  During  the  past  year  a  nuntber  of 
people  in  Navy  laboratories  v/ere  interviewed  —  people  re¬ 
sponsible  for  perfecting  the  design  and  development  of 
weapons  systems.  Their  estimates  of  the  kinds  of  environ¬ 
mental  information  they  needed  varied  from  nothing  to  every¬ 
thing,  depending  upon  tf.eir  backgrounds  and  experience.  Very 
few  made  any  reference  to  the  requirement  to  translate  environ¬ 
mental  data  into  environinental  effects  language.  On  the  other 
hand,  reports  from  these  laboratories  show  a  considerable¬ 
awareness  of  effect  of  environment,  and  effects  terminology  is 
used  constantly  in  these  reports. 

The  fact  is  that  a  great  deal  is  already  known  about 
naval  ecology  if  it  were  systematically  pulled  together  and 
organized.  We  believe  roost  military  personnel  and  laboratory 
scientists  and  engineers  would  be  surprised  to  learn  how  much 
is  known,  based  largely  on  their  own  efforts  but  never  coordi¬ 
nated. 

(3)  Distinction  between  "research"  and  ** development".  . 
Ono  reason  for  the  foregoing  statonent  is  that  organizatiomi 
(i*e.,  the  Navy)  tend  to  be  structured  in  terms  of  discrete 
categories  of  function  and  knowledge,  and  naval  ecology  iMans 
in  effect  all  of  the  interactions  between  the  many  physical 
and  cultural  facets  of  coastal  areas  and  the  things  and  pcopl.o 
and  activities  that  make  np  naval  operations.  Therefore,  all 
functional  categories  of  Navy  and  their  operating  subdivisions 


may  have  something  to  contribute  to  or  learn  from  naval  ecology. 
It  is  in  effect  an  information  base  as  pervasive  as  intelli¬ 
gence  or  logistics  and  perhaps  should  be  institutionalized  in 
new  subcategories  of  present  functional  institutions  and 
focused  as  an  informational  activity.  One  cogent  reason  for 
arriving  at  such  a  conclusion  is  that  the  research  and  develop¬ 
ment  functions  are  organizationally  distinct  in  Navy  and 
apparently*  perceived  by  people  in  development^  and  in  oper¬ 
ations  as  well,  as  relatively  unrelated  and  directed  toward 
different  goals. 

The  distinctions  are  these:  aevelopment  takes  place  in 
Navy  J,aboratories  and  in  industry,  while  research  takes  place 
largely  outside  Navy,  sponsored  by  ONR.  Development' is  weapotis 
systems  oriented,  while  research  is  not,  although  there  is  a 
schizophrenic  feeling  in  ONR  about  the  extent  to  which  "basic" 
research  can  be  made  to  demonstrate  naval  "relevance".  Develop¬ 
ment  produces  hardware  in  direct  response  to  Fleet  requireraents 
(through  CNO  and  the  Systems  Command),  while  research  produces 
reports  largely  in  response  to  unsolicited  proposals  from  the 
scientific  cor.imunity.  (It  would  be  interesting  to  know  how 
much  ONR-supported  research  is  a  direct  response  to  laboratory 
requirements,  and  how  much  use  laboratories  made  o'  ONR  reports.) 

*  We  have  not  talked  to  all  people  in  development,  nor  in  oper^ 
ations,  obviously,  but  this  was  a  recurrent  and  not  unexpected 
comment.  How  psople  in  ONR  view  this  we  do  not  know. 
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It  would  appear  to  the  outsider  that  while  there  are 
distinctions  between  research  and  development,  there  ought 
to  be  a  high  degree  of  coordination  of  these  functions 
supported  by  one  organization.  Yet  the  outsider  does  not 
have  to  deal  with  the  hard  facts  of  organizational  life. 

It  is  ofter  easier  to  add  a  new,  integrating  activity  than 
to  change  the  patterns  of  an  old  activity.  In  any  case, 
the  distinction  between  research  and  development  functions 
is  not  unique:  there  are  also  communications  breakdowns 
between  development  and  evaluation,  between  evaluation  and 
operations,  between  research  and  strategic  planning. 

One  significant  aspect  of  this  “lesson"  is  that  an  infor 
mat ion  System  has  tremendous  potential  for  introducing  change 
in  orgaaizatioris;,  as  will  be  noted  later. 

(4)  The  key  role  of  a  coastal  information  system.  It 
became  apparent  that  an  information  system  of  the  sort  we 
hoped  to  design  would  provide  more  than  data  on  environmental 
impact  to  potential  users  of  such  data:  it  would  perhaps 
just  as  importantly  forge  a  communications  link  among  the 
functional  aspects  of  Navy,  and  among  its  diversely-oriented 
groups  of  personnel.  We  began  to  think  of  such  a  system  not 
as  the  product  of  change,  but  rather  as  the  instrument  of 
change,  for  it  could  override  functional  organizational  juris 
dictions  without  overriding  the  responsibilities  of  those  who 
ran  them. 


But  to  function  in  this  fashion,  an  information  system 
must  be  accepted  by  the  people  who  will  use  it:  it  must 
therefore  be  at  one  and  the  same  time  comprehensible  in 
teirms  of  present  naval  practices  and  structured  in  a  highly 
logical  fashion.  The  answer  to  doing  this  is  to  make  the 
logic  of  structure  the  logic  of  naval  ecology,  on  the  one 
hand,  and  to  introduce  the  system  in  manageable  pieces.  Our 
representation  of  such  a  system  is  an  attempt  to  be  consistent 
with  structured  vie^i/s  of  naval  ecology  and  the  processes  of 
information  handling  in  Navy. 

Siimmarv.  The  environment  does  exercise  an  influence, 
often  important,  sometimes  critical,  on  the  men,  machines, 
and  materiel  of  naval  operations.  The  core  of  what  is  impor¬ 
tant  to  a  Navy-responsive  coastal  information  system  is  the 
environment-weapons  systems -operations  relationship,  or  how 
environment  effects  naval  operations.  We  have  called  it 
naval  ecology.  Knowledge  about  the  relationship  is  applied 
to  different  kinds  of  decision-making  in  different  functional 
areas  of  Navy  and  to  different  levels  of  the  same  function. 
Therefore,  the  information  system  must  accommodate  and  by 
so  doing  relate  all  functions  in  terras  of  the  common  naval 
mission  which  is  the  successful  use  of  weapons  systems  in 
support  of  U.  S.  policy.  To  introduce  such  a  system  means 
winning  the  active  participation  of  elements  of  all  functions 
by  demonstrating  the  value  of  participation  to  each  function 
individually. 
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CHAPTER  2 


THE  IMP0RTA^7CE  OF  ENVIRONMENTAL  IMPACT 

Feasibility  of  an  information  system  involves  some  kind 
of  effectiveness  evaluation.  While  our  first  objective  was 
to  test  feasibility  of  design,  actual  utility  quickly  became 
an  important  adjunct  of  the  investigation,  because  so  many 
people  in  Navy  did  not  recognize  environmental  impact  of 
significance  to  operations  or  of  interest,  generally,  to 
anyone  beyond  the  design  engineer.  The  engineer,  on  the 
other  hand,  will  meet  the  constraints  he  can  and  suggest  some 
operational  adaptations  for  those  he  can't.  So  a  question 
that  was  frequently  implicit  in  our  conversations  was  this; 
"Is  environmental  impact  on  weapons  system  design,  develop¬ 
ment,  deployment,  maintenance,  and  operation  significant 
infrequently,  occasionally,  or  often  enough  to  worry  about? 
Because,  if  it  is  important  often  enough  to  worry  about,  why 
hasn't  it  been  worried  about,  in  any  of  the  services,  in  an 
organized  way?"  We  will  attempt  to  answer  both  questions. 


Measures  of  Importance  of  Environmental 


Evidence  of  the  importance  of  environment  is  given. 


based  on  studies  and  military  documents  which  specify  impact, 

t 

and  organizations  involved  in  some  aspect  of  the  problem. 


Studies .  There  have  been  a  great  many  studies  of  the 
effect  of  environment  on  either  military  operations  or  on 
men  in  a  variety  of  activities  or  on  materiel  of  various 
sorts.  The  author  of  this  report  directed  a  three  year 
study  of  the  effect  of  environment  on  military  operations 
in  World  War  II  and  Korea  as  revealed  in  military  records 
(Campbell,  et  al.  1957).  Some  of  the  conclusions  reported 
in  a  statistical  analyses  of  the  data  from  records  were  as 
follows:^ 

*  For  a  given  location  the  distribution  of  effects 
is  a  function  of  the  operation  being  conducted, 
with  a  few  exceptions. 

*  The  distribution  of  effects  on  both  materiel  and 
personnel,  in  general,  is  a  function  of  the 
location  in  which  a  specific  operation  is  con¬ 
ducted,  For  example,  when  a  transportation 
operation  is  conducted  in  Northern  France  or 
Northern  Germany,  of  the  effects  observed  on 
materiel,  the  probability  is  .72  that  the  effect 
movement  inhibition  will  be  observed. 

*  It  seems  true  from  the  data  that  the  Accomplish¬ 
ment  of  Operation  distributions  are  functions  of 
Magnitude  of  Effect,  but  that  they  are  influenced 
by  some  factors  which  are  not  working  strictly  on 
Magnitude  of  Effect.  For  example,  it  seems  rea¬ 
sonable  to  suppose  tha  other  things  besides 
environmental  elements  will  be  acting  to  affect 
the  outcome  of  a  military  operation  —  such 
things  as  size  of  forces  involved,  psychological 
and  morale  factors,  etc.  It  is  felt,  therefore, 
that  Accomplishment  of  Operation  as  a  coordinate 
gives  sufficiently  more  information  than  Magnitude 

^  McCall,  C.  H.,  Jr.,  The  Nine-Coordinate  Probability  Model 
Describing  Environment-Military  Operations  Relationships , 
The  Historical  Records  Project,  The  George  Washington  Uni¬ 
versity,  Washington,  D.  c.,  September  1957. 


of  Effect  to  warrant  its  use  in  future  analyses. 

There  appears  to  be  some  justification  for 
calling  Magnitude  of  Effect  a  tangible  measure 
of  known  environmental  factors  influencing  an 
operation  and  for  calling  Accomplishment  of  Oper¬ 
ation  a  measure  based  on  these  factors  plus  all 
others  which  may  also  be  acting  in  the  given 
military  situation. 

This  study  was  preceded  by  Project  ENVANAL  (Dunlap 
Associates)  and  followed  by  Project  DUTY  (University  of 
Denver)  —  both  long  term  projects  relating  environment  to 
military  materiel  and  men  and  military  operations.  (See 
bibliography) 

Among  design  engineers  and  scientists,  in  particular, 
there  is  recognition  of  the  impact  of  environment.  Reports 
from  the  many  Navy  laboratories  and  test  centers  of  various 
sorts  are  evidence  of  this,  and  it  is  especially  true  of 
civil  engineering  processes  and  products.  The  Naval  Civil 
Engineering  Laboratory  at  Port  Hueneme,  in  its  January,  1968, 
GUIDE  TO  NCEL  TECHNICAL  DOCUMENTS,  listed  a  very  high  pro¬ 
portion  of  environmental  impact  studies,  a  sample  of  which 
are  shown  (Figure  1 ) .  We  went  through  the  index  alphabetically 
and  picked,  more  or  less  at  random,  samples  of  topics  which 
showed  the  impact  relationship  (Figure  2  ) .  From  "Antarctic 
Regions"  to  "eddy  currents"  to  "floating  docks"  to  "pontoons" 
to  "trafficability"  to  "storage"  to  "wood  preservative"  ~ 
the  subjects  indicate  the  enviroivnent-equipment/men/materiel- 
operatlons-relationships  and  their  applications.  The  Defense 

-  9  - 

_  .  .....  . . .  *  :-ri-Tfrtr^r  ■  <yi  liyi  I 


tTWClMCS  IN  MCN  OCCAN*  dMINCFHIM  MHUM. 

UNPCRVAU*  CONSTmiCnON.  CMAFTfR  1,  tfITtOfHiCTtOMi 
v*f0i9«>oi-ei-ooiAi  NOCM  i«6««  w«j.  TuocMi.  «D 

TNe  M^CTtVe  Of  THIS  MANU^t.  IS  TO  ffOVtOC  INfOIINA* 
tION  ON  fNVIOONMCNTS*  SYSTEMS,  AMD  TCCHNtOUCS  SfLATIVf 
10  CONSTftUCTION  IN  OCCf  OCCAM  ANCAS*  OCVCLOfMCMTS  IN 
NAVAL  tfANfANC  HAVC  MLACCO  CMfHASIS  ON  TnC  DCC#  OCCAM 
ANtAS  AS  AN  OfCRATINO  CNVINONMCNT,  CONSCOUCNTLV,  IN 
SUNOONT  Of  TNCse  OfCNATIONS*  TMCRC  IS  A  NCCO  fON  VNOVLCOttC 
CONCCNNINO  MCTHOOS  Of *  CONSTRUCTION  IN  TMC  OCCP  OCCAM. 

IT  IS  NCALUCO  that  THCSC  METHODS  CAN  OtfCCN  MARKCCH.V 
CNOM  THOSE  USED  IN  CONSTNUCTION  ON  LAND*  THENEfONE*  IN 
INIS  NELATIVCLY  NEV  fICLO  MANY  OCflCIENCIES  EUST  HHICH 
CAN  OC  NEOUCEO  ONLY  OY  NESEANCH  AND  OEVELOfNENT.  THIS 
MILL  NCC'JINE  CONSIDCtASLE  TIME*  mOHCVCN*  IN  THE  INTENIM. 
CONSTNUCTION  MUST  CONTINUE.  TOHANO  MARINO  THIS  AS  CffEC* 
TIVE  AS  fEASINlE*  EltSTING  INfONMATtON  MAS  NfCN  NfViCMED 
AND  OlOESTEO*  AND  IS  MCSFNTEO  IN  THIS  MANUAL.  |NfONMAt|ON 
NAS  SEEN  PNOVIDCO  NY  SCIENTISTS.  CNOINECNS*  AND  OffSMOAE 
OOENATONS*  especially  THOSE  CNOAOED  IN  PCTNOLEUH  PRODUC¬ 
TION.  DEEP  OCEAN  CONSTRUCTION  IS  A  LOGICAL  EXTENSION  Of 
TMC  tCSPONSItiLlTV  Of  THE  OMREAU  Of  YARDS  AND  DOCKS  fON 
CONSTNUCTION  Of  NAVAL  FACILITIES.  THIS  HANUAL  SHOULD 
ASSIST  IN  NECTINO  THIS  RESPONSIIUITY  OY  PROVIDING 
ENOINEERS*  CONSTRUCTORS*  PLANNERS*  AND  OTHERS  ENGAGED  IN 
DEEP  OCEAN  CONSTRUCTION  VITH  PERTINENT  INFORMATION* 

N-ISA-E 

STRUCTURES  IN  DEEP  OCEAN.  EHOINEERING  MANUAL  FOR 
UNDERWATER  CONSTRUCTION.  CHAPTER  I.  OEPP-OCEAN 
CNVlRONMCNT*  PROJ.  T-fOlS-^'l-Rl-OOlA.  MARCH  |R«A*  M.J* 
TUOOR*  AD  4O0S0T. 

TECHNOLOGICAL  DEVELOPMENT  INDICATES  THAT  MUCH  Of  TME 
NAVAL  WARFARE  Of  THE  FUTURE  WILL  OCCUR  At  DEEP  OCEAN 
depths*  concurrently*  there  IS  A  NEED  FOR  ADDITIONAL 
RNOWLCOGE  OP  MCTHOOS  FOR  CONSTRUCTION  IN  DEEP  OCEANS. 
TNCRCPORC*  THE  OG-iECTIVE  Of  THIS  REPORT  IS  TO  PROVIDE 
INPORMATtOM  ON  ENVIRONMENTS  AND  TO  OESCRtOE  STSTEMS  ANO 
TCCNNIQUCS  OCVCLOPCO  FOR  CONSTRUCTION  IN  DEEP  OCEAN 
AREAS* 

THIS  CHAPTER  CONTAINS  ENVIRONMENTAL  RNOWLCOGE 
pertaining  to  waves  and  CURRENT  ACTION.  SAIINITV  ANO 
TEMPERATURE  VARIATIONS.  BOTTOM  TOPOGRAPHY.  MARINE 
ONOAMICVS*  CHEMICAL  AND  PHYSICAL  PROPfRTtfS  Of  SEA  WATER* 
ETC*  IN  OROER  to  TREAT  ALL  Of  This  OATA*  |T  was  CONVCM- 
ICMT  TO  PIRSt  LOCATE  ARO  OtGTlNGUISM  THE  OCEANS  ANO 
TMM  OESCRIOE  TME  OCEAN  OOfTW  PRO  OCEAN  CONTENTS  GEfORC 
PMRLLV  OEOeOIOtOG  THE  OVORHtC  PKTORS  ACTING  ON  THE 


VygMtUGE  ARO  PREGftVGTIOR  RfTMOOG  ANO  ECOHOHtCS  FOR 
STOitOO  MATERIEL*  POM*  T-Pt|S«OG-OOA.  JUNE  IfGO* 

R*  J*  EAGLOOIL*  J*  C.  RING.  AO  ITGTAS.  PG  UVIT). 

NCEL  1$  CONDUCTING  A  FIVE  TEAR  STORAGE  TEST  PROGi— 
TO  evaluate  various  storage  ENVIRONMENTS  AND  PRCSCRVAltOO 
LEVELS  FOR  MATERIEL  UNDER  THE  BUREAU  Of  YARDS  AND  DOCKS 
TECHNICAL  COGNtCANCf. 

SIMILAR  PAIRED  ITEMS  Of  MILITARY  EOUlPMfN'.  VEtC 
STORED  IN  OlffCRERT  STORAGE  ENVIRONMENTS  •  AN  OPEN  A|R 
KAGi  A  SHED.  A  STANOARO  VAREHOUSC.  A  AO  RERCCNT  RM  WARE* 
HOUSE*  ANO  A  SO  PERCENT  RH  WAREHOUSE*  ONE  Of  EACH  PA|0 
mao  LIGHT  DOMESTIC  PRESERVATION  TREATMENT  ANO  THE  OTmEO 
PULL  CONTACT  PRESERVATION  TRCATNCNT.  OCTCRlORAflON  WAG 
PERMITTED  TO  DEVELOP  AT  ITS  natural  RATE  IN  EACH  ENVtOOO* 
RENT.  PERIOOIC  IMSPCCTIOMS  WERE  USED  TO  OCTCRMINE  THE 
STORAGE  PROTECTION  AFRONOEO  GY  EACH  ENVIRONMENT, 

RESULTS  Of  E-l/E  YEARS  Of  STORAGE  SHOW  THAT  PROTEC¬ 
TION  IS  POOR  IN  OPEN  AIR.  PAIR  IN  THE  SHED.  GOOD  IN  EHl 
STAROARO  WARCMOUGC*  AND  KTT|R  |R  ThE  rm  WARChOUSCS. 

TME  navy  STANOARO  AG-ff  X  IPO«fT  PREFAGR KATCO 
HfTAL  OUILDING  APPEARS  GENERALLY  SATISFACTORY  FOR  ADvMKtO 
•ASI  OEMUMIOIfICt  WARCMOUGING*  GUT  |?  HAS  TOO  naNY  JOINTS 
TO  M  EASIIT  SEALED. 


AID  PDNCC  ARCTIC  DUUDING*  PROJ*  Afs  St-OO-V.  jure  IVD?. 
4%  0*  CDDENIA*  Gf  P.  DUD*  AD  AIITGR* 

A  PDEfADSICAffD*  PANfLIirO*  IS*  BY  El^fOO?  STPUCTUM 
DAG  DEIIGNER  AND  GUILT  FOP  THf  u*  I.  A|t  FORCE  By  THE 
NAVAL  CIVIL  CHGINECRING  LABORATORY*  THE  BUtLOtRG*  NAM  4 
STCCWACED  MONEYCOMO-CORC  PANELS  V|TH  PLYwOOO  IDGfW 
DAG  DESIGNED  EON  USE  IN  THf  Mw  SYSTEM  IN  THE  ARCTIC. 

THE  PDOfOITPC  VA|  TESTED  AT  THE  CifMATIC  LABORATORY 
AT  tOLiN  AIR  FORCE  DASf.  FlORIOA*  uhoER  A  VARIETY  Of 
CONTROLLED  CLIMATIC  CONDITIOMS.  INCiuOlNG  WIND.  RAIN. 

!5  ERCCTION.  meat  loss,  structural 

AND  WCATMERTIGMINISS*  AAO  PACrAOIrG  STuOlfS.  THE  DUtlD- 

LTtmiJi  ^  TRANIMIKIOR  AM  CAR 

WITMGfAND  A  ItS-MH  wiMO  LOAD*  A  100-Ptf  SNOW  LOAD.  AND 

Racking. 

Three  vtARi  after  fARtKAnoM.  thi  crated  prototype 

tMSPfCTEB.  IMIS  INSPECTION 
RMAiCD  SUCH  ClfCNSivf  OCTCNIORATION  Of  TMC  STCfL  FACES 
■ID  EDDEl  ON  THE  PANELS*  THAT  THE  PROTOTYME  COULD  NOT  DP 
KISENDLCD  ON  REPAIRED.  |I  WAS  CONClUOEO  TMAf  1M|S  Duli^ 
*55*  ••  WIDD  CORROSfOM^SISfARI  HAffR|Ri 

IN  DNDCR  TO  ACHIEVE  A  fS«YfAR  itff. 


--  '  CAHR*  PNNJ*  V-PDID-II-IOA*  NARCH  IfGA. 
M.  r*  imRDDRR*  194  P*  AD  AD491T. 

^ . ^  TEMPORARY  POLAR  CARP  HAS  DCVCiOPtO  ft  PROVIDE 

CDMPORTAKE  LIVING  CONDITIONS  PON  PCRIOM  UP  TO  S  YEARS 
IN  TM  arctic  and  ARTARCTIC.  THE  CARP  OESIOR  INCLUQCO 
DERUCTURES,  AIR  CONOITtOMtNC.  VATCR  SUPRLY.  SARITATtON* 
ARO  OTHER  FACILITIES  INTEGRATED  TO  FORM  A  UNIffEO  FUNC¬ 
TIONAL  COMPONENT.  THE  SASIC  CAMP  VAS  DESIONEO  FOR  SO¬ 
MAN  OCCUPANCY  AND  EXPANSION  IN  SO-MAN  INCREHENTS  TO  A  EBO« 
MAN  CAPACITY,  EACH  MAN  IS  PAOVIDEO  VITH  AN  INDIVIDUAL 
ROOM.  DOUBLE  BUNKS  MAY  DC  USED*  VITH  TWO  MEN  SNARtND 
A  ROOM.  TO  INCREASE  THE  CAHP  CAPACITY  FOR  SHORT  PERIODS* 
THE  BUILDING  UNIT  IS  THf  MOOIFIEO  T-S*  VARlOUGLY 
OUTFITTCO  FOR  USE  AS  QUARTERS*  MESSING.  BALLET*  UTILITIES 
ADMINISTRATION*  COMMUNICATIONS*  RECREATION*  MEDICAL* 

MAD*  LAUNDRY*  AND  STORAGE  FACILITIES*  A  DUPLEX  CONCEPT 
IS  USED  IT  WHICH  TWO  BUIlOING  UNITS  ARE  JOSHED  END  TO  END 
DV  A  SERVICE  COM  WHICH  HOUSES  AN  AtR^ONO|T|OM(NG 
SYSTEM,  head*  and  laundry*  TO  FORM  A  BASIC  BUIIDIND* 

A  t-M  MAIHTINAHCE  SMELTER  IS  PtOVIDEO  FOR  HAMEtMAMCt 
OP  CAHP  eouianent* 

SPtCIPICATtODS  AND  REDUCED  KHE  DRAWIMDS  PDD  CAIT 
MAVt  DEER  AUDllSNCD  IN  NCEL  TECHNICAL  NOTE  D-BAD* 
•SPtCIPICATIMS  FDR  A  TCHPDDARV  POLAD  CAMP** 


THE  EFFECT  Of  ENVIAONHCHT  ON  THE  CORROSION  METALS  K 
SEA  WATEA  —  A  LlTERAtuAC  SURvET*  PROJ*  T-FOIO-M-BI-OD^ 
JULY  IViT.  M.  A.  PORTE.  AO  BE^ISSL 

THE  U.  S.  NAVAL  EACtllTIES  ENGINEERING  COMMAND  IS 
INTERESTED  IN  DEVELOPING  METHODS  TO  COMBAT  METALLIC 
eOpROStON  AS  A  MEANS  OF  RFDUCING  MAINTPNANCF  COSTS  OF 
The  NAWAi  SMCRE  ESTAAL ISHMEnT* 

A  LiTERAlMAf  LUAVET  WAS. MADE  TO  DETERMINE  THE  EFFECT 
OF  environmental  VARIASlES  on  the  CORROSION  FATES  OF 
METALS  SUGMCFGEO  IN  SEA  WATER,  TmE  MOST  IMPORTANT 
VARIABLES  WERE  FOUND  TO  BE  DISSOLVED  OXYGEN  CONCENTRATION* 
VELOCITY  •  ANO  TEMPERATURE.  OTHER  FACTORS  WHICH  INFLUENCE 
THE  CORROSION  RATES  ARE  Ph,  SALINITY,  ANO  Ml CRO-ORGANI IMS* 
IT  IS  RECOMMCROEO  That  A  COORDINATED  RESEARCH  PNODRAM* 
CONSISTING  OF  BASIC  RESEARCH  STUDIES  AND  CORROSION  TEST¬ 
ING*  BE  INITIATED  IN  CONTBOLLCO  SEA  WATER  ENVIRONMENTS* 


DDV-TD1I9 

A  DlVItH  AMD  EVALUATION  DE  NESEANCH  NELATtD  TD  TNAPFIC- 
RDtLITT  OF  MACMCS*  SERIES  SB*  IGBUt  I*  JULY  IDST* 
UNIVCRSItY  OF  CALIFORNIA*  DERRCLET* 

IME  PURPOSE  OF  THIS  INVESTIGATION  WAS  TO  SURVEY* 
MPNiARItE*  ANO  ANALTIC  EXISTING  DATA  RELATED  TO  BEACH 
TDAFFICABUITY  ANO  TO  INDICATE  WHAT  tFSEARCM  IS  NEFOPO  FOR 
TNC  DEVELOPMENT  OP  TtCMNIOUCS  WHICH  WILL  PERMIT  APPRAISAL 

OF  reach  trafficadility  with  greater  precision  than  is  now 
POSSIDLE. 

THE  MAIN  OBJECTIVES  OF  TNC  RCSEANCM  |N  TRAFFICADILITY 
NAVE  BEEN  111  TD  IHPiOvt  itiF  TRAmCABlLlTV  CHARACTER¬ 
ISTICS  OF  HILITARY  VFHtCLES  ARO  Ul  TO  DEVELOP  TECNHIQUCS 
FDR  PREDICtiRG  THE  PERFORMANCE  OF  AOIlS  FOR  THE  MOVEMENT 
m  GIVEN  vehicles*  SUT  SINCE  THE  HlATIONSMlP  OF  VEHICLE 
tm  IDIl  IS  INVOLVITD  IN  BOTH.  THE  TWO  rtPCS  OF  INVESTIGA¬ 
TIONS  OFTEN  BSCM  CONCERNED  WITH  SINHAN  PROBLEMS* 


TfCMNICAL  data  nm  DEEP  FltElt  I*  It*  AND  III  HPORTS 
UVDS  TD  ISSBI*  PDDJ*  Y-PDIS-II-SD9*  APtU  IHI* 

•*  C*  coffin*  dud*  m  tSGGSV* 

THIS  REPORT  IS  A  CBHPliATlOM  OF  TECHNICAL  DATA 
obtained  PRINCIFALLY  prom  TME  FOURTEEN  VOLUMES  OF  REPORTS 
PREPARED  DT  MODILE  CONITRuCTlOH  DATTALtOH  iSPECtALI  FOR 
OPERATIONS  DEEP  FRfCtE  I*  II*  III.  SUPPLFHtHfAL  INFOR- 
NATION  VAS  ODTAINED  FROM  CORRESPONDENCE  AND  StiUAtlOM 
RCRORTS  0NIGINA1ED  DY  OCEP  FREEtE  FORCES*  ARO  REPORTS 
OF  MILITARY  AND  PRDFESS.ONAL  CIVILIAN  OOlCRYIRS*  WNfCM  ARE 
LISTED  IR  the  ■CFERENCCt  ARD  DIDLIOGRAPHY* 

TME  INFORMATION  IS  GROUPED  INTO  FIFTEEN  GENERAL 
TECHNICAL  SUDXCT  AREAS*  WHICH  ARE  SUGDIVtDED  INTO  SHCIF- 
1C  PROGLEM  AMAS.  WITHIN  THE  PROBLEM  AREAS  THE  OATA  ARE 
PRESERTEO  DY  INDIVIDUAL  U.  I.  ARTARCTIC  STATtORS  WMEMEVCR 
DIFPCRCRT  IRVIRONHCNrAL*  TOPOGRAPHICAL*  OR  OPCRATIOPAL 
CONDITIONS  CONTRItUTCD  DIVERSE  SOLUTIONS  EON  TMN  SAME 
ON  similar  PtOOLCMS, 

THE  OOJCCT  OF  the  COMPILATION  IS  TO  PROVIDE  A  READY 
RCFfMNCf  FOR  PERSONS  CONCERNED  WITH  THE  OfSIDR*  CONSTRUC¬ 
TION*  NAIRTCRAMCf.  AND  OPERATION  OF  COUtPMENT  AND  FACILI¬ 
TIES  IN  THE  ANTAKTIC*  It  IS  trCOGNIEED  THAT  TMC  INPON- 
NAtlON  IS  MISTORICAl  AND  PERTAINS  ID  SPECIFIC  ON  ilHITED 
SECTIONS  OF  TMC  SOUTm  POLAR  AATA.  MOWEYCR*  TMC  tPURCfS 
UTlLltCD  IR  COMPILING  THIS  REPORT  ARC  THf  ONLY  DDCUMERTA- 
TIONS  OF  LAROC-ICaLC  CONIIRUCTIOM  ARD  CONTINWINW  NAVAL 
GMONC-USED  OKRATIONS  IN  ANTAKTICA* 


FIGURE  1 
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FIGURE  2  SELECTED  INDEX  SUBJECTS  FROM  NCEL  GUIDE 


Documentation  Center  Technical  Abstract  Bulletin  shows  a 


wide  variety  of  studies  bearing  upon  one  or  another  aspect 
of  the  environmental  relationship  for  many  Navy,  Army,  and 
Air  Force  laboratories  and  test  sites. 

However,  there  is  somehow  a  loss  of  specificity  between 
studies  and  the  military  documents  which  either  indicate 
environmental  standards  for  design  in  general  or  relate  design 
standards  of  specific  items  to  environment,  and  we  believe 
that  this  may  result,  at  least  in  the  Na^’y,  from  the  fact  that 
the  people  who  specify  requirements  are  not  the  people  who  do 
the  designing. 

Military  documents.  The  basic  document  specifying  en¬ 
vironmental  design  conditiais  is  DOD  MIL-STD  210a,  considered 
highly  inadequate  by  many  design  engineers  and  most  scientists 
The  documents  which  transmit  requirements  for  new  weapons 
systems  components  in  Navy  probably  originate  in  the  Fleet, 
are  drawn  up  in  CNO  and  passed  on  to  Systems  Comn.and,  v.'hence 
they  go  to  the  appropriate  laboratory  or  to  private  industry. 

In  a  proposal  to  the  Romo  Air  Development  Center  to  intro 
duce  environmental  effects  into  the  process  of  Weapons  Acqui¬ 
sition  and  Planned  Logistic  Support,  Sykes  pointed  out  the 
inadequacy  of  such  documents  as  DOD  MIL-Sl'D  210A  and  suggestet! 
the  pervasiveness  of  environmental  information  by  means  of  a 
diagram  which  incorporates  the  basic  design  documents  of  all 
services  (Figuiv  1). 


-  - 


VfEAPONS  ACQUISITION  CRITICAL  ENVIRONMENTAL 


FIGURE  3  THE  ROLES  OF  PHYSICAL  ENVIRONMENTAL  INFORMATION  IN  THE 
WEAPONS  ACQUISITION  AND  LOGISTIC  SUPPORT  PROCESS 


In  addition  to  such  formal  documents,  there  are  many 
handbooks,  operator's  manuals  and  other  instructional  materials 
which  contain  statements  about  the  environmental  limits  and 
capabilities  of  specific  pieces  of  equipment. 

Organizations .  In  tlie  Air  Force,  Cambridge  Laboratories 
supply  environmental  data.  In  the  Army,  Natick  Earth  Sciences 
Laboratories  are  responsible  for  environmental  data  in  the 
environment-man  and  environment-materiel  (but  not  weapons 
systems)  relationships.  There  is  no  similar  office  in  Navy, 
although  personnel  at  Naval  Weapons  Center  (Schafer  and 
Kurotori)  have  been  providing  a  similar  service.  There  is  an 
Environmental  Services  Office  under  Joint  Chiefs  of  Staff. 

In  addition,  tliere  are  numernuK  "tesu  sites  "  operated  by  many 
agencies  of  all  throe  services  scattered  through  the  United 
States . 

Conclusion .  Tliere  is  recognition  of  the  significance  of 
enviroruiicntai  impact,  but  the  recognition  is  scattered.  It 
has  no  fccus.  There  is  no  systematic  approach  to  the  pi-oblcm, 
althougli,  as  Sykes’  diagram  suggests,  th.cre  could  bo. 

Why  arc  Fnvironmonta]  Data  flat  llandlrd 
More  S V s  •- 1—. a t  i c a  1 1  v ? 

There  arc  sev'cral  contributing  reasons  to  the  inadequate 
troatmcr.t  of  environmental  impact,  among  them  man's  fatalism 
alxjut  such  ambient  conditions; 


the  interdisciplinary  nature 


of  ecological  studies,  and  particularly  applied  ecology  of 
this  sort;  the  complexity  of  the  relationship;  and  perhaps 
most  important  of  all,  the  nature  of  organizations. 

Fatalism.  It  may  be  that  people  who  are  not  concerned 
about  1,000  deaths  a  week  on  United  States  highv/ays,  or  the 
menace  of  air  and  water  pollution,  or  the  possibility  of 
nuclear  war  are  not  going  to  be  very  concerned  about  the 
increased  costs  of  military  operations  as  a  result  of  environ 
mental  ignorance.  But  one  wonders  if  those  costs  are  really 
comprehended!  In  March  (1969)  a  projec,.  member  reported  an 
interview  in  which  he  was  told  that  a  big  development  program 
sponsored  separately  by  Navy,  Army,  Air  Force,  the  Coast 
Guard,  etc.,  was  geared  to  developing  riverine  craft  lot  use 
in  Southeast  Asia.  There  was  no  interfacing.  The  cost  of 
the  total  program  was  some  $11?.  million  a  year,  involving 
130  contracts,  GO  different  kinds  of  boats,  and  producing 
about  1,600  boats  a  year.  Obviou.sly,  that  expensive  environ¬ 
mental  effect,  for  v\'hicl'i  we  were  unprepared,  has  not  been 
inv'cstigated  properly. 

Intor<U.scipIi  narv  n .ituro  of  (  co  1  on  i c ;  1  f; t  d i e r. .  Ecology 
is  the  science  of  interaction  of  systems  and  their  environ¬ 
ments.  Neither  the  students  of  the  system  nor  t!ic  .studc.ots 
of  the  environment  can  bridge  the  gap  alone,  except  pcr!iaps 
in  rare  cares.  Naval  ecology  ir.volv’os  the  officer.^  and  men 
who  use  weapons  systems,  the  engineers  and  scientists  w!io 


design  them,  and  the  scientists  who  provide  the  basic  knowledge 
on  which  appropriate  design  is  based.  But  our  methods  of 
organizing  activities,  of  classifying  man's  pursuit  of  knowl¬ 
edge,  and  of  rewarding  those  who  are  successful  militate  against 
men  trained  to  do  one  thing  working  with  men  of  unlike  back¬ 
grounds  to  do  another. 

Complexity  of  the  relationship.  The  most  complex  area 
of  the  relationship  stems  from  the  difficulty  of  abstracting 
out  of  a  real  environmental  setting  (location)  in  which  there 
is  taking  place  the  wide  variety  of  uses,  by  people,  of  the 
many  kinds  of  materiel  and  equipment  used-  in  even  a  simple 
operation,  the  specific  state  of  elements  of  the  environment 
that  are  interacting  with  specific  people,  materiel,  and 
equipment  in  a  specified  operational  state.  In  ether  words, 
given  a  five  man  reconnaissance  patrol  outside  of  a  village 
near  Danang,  Vietnam,  in  July,  what  are  the  specific  effects 
of  temperature?  Of  humidity  and  rainfall?  Of  surface 
moisture?  Of  dense  vegetation?  How  can  these  effects  be 
stated  in  terms  v/hich  will  permit  the  equipment  or  materiel 
designer  to  attempt  to  offset  them?  What  improvements  in 
performance  (accomplishment  of  operation)  are  the  objectives 
of  design  changes? 

It  is  a  natural  human  tendency  to  back  away  from  analysis 
of  complex  interaction  processes  of  this  sort  and  assume  that 
the  operational  "plan"  will  take  environmental  effects  into 
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account  and  offset  them  by  such  strategems  as  changing  the 
locale  of  the  operation,  increasing  the  magnitude  of  the 
effort,  etc.  But  an  operational  “plan"  cannot  take  these 
effects  into  account  unless  they  are  known  well  enough  to  be 
stated  in  some  relating  and  quantifiable  fashion.  Therefore, 
environmental  intelligence  is  often  no  better  than  the  environ¬ 
mental  data  supplied  weapons  systems  designers. 

The  nature  of  organizations.  Organizations  are  typically 
functional  in  nature,  designed  "vertically",  in  terms  of 
discrete  activities.  People's  capabilities  tend  also  to  be 
classi'^ied  vertically,  according  to  disciplines  or  specific 
jobs.  A  comprehension  of  and  application  of  environmental 
impact  requires  that  designer,  tester,  and  user  of  a  piece  of 
equipment  all  understand  how  it  will  be  used,  and  for  what 
purpose;  where  it  might  be  used,  and  what  the  conditions  of 
environment  are  there;  and  how  those  conditions  will  affect 
the  use,  purpose,  and  outcome  of  use  of  the  equipment.  In 
other  words,  it  requires  a  great  deal  more  interaction  than 
is  typical  of  people  in  organizations.  We  suspect,  but  do 
not  know,  that  many  of  the  serious  problems  we  face  but  seem 
unable  to  solve  today  stem  from  this  inelastic  characteristic 
of  organizations,  this  inability  of  people  to  work  happily 
between  and  among  disciplines  and  to  interact  and  communicate 
with  people  whose  activities  are  very  different. 
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Conclusion.  There  seems  to  be  little  question  that  a 
better  understanding  of  naval  ecology  could  be  applied  usefully. 
There  is  evidence  that  it  would  improve  the  quantity  of  the 
contributions  now  being  made  by  "environmental  data  suppliers" 
in  DOD.  Perhaps  an  information  system  is  the  way  to  intro¬ 
duce  more  system  and  application. 
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CHAPTER  3 

NAVAL  ECOLOGY:  DEFINING  CRITICAL  RELATIONSHIPS 

The  total  spectrum  of  naval  personnel  and  materiel  is 
probably  representative  of  all  of  the  kinds  of  people  and 
jobs  and  materials  and  machines  that  exist  in  a  modern  civil¬ 
ian  society.  However,  the  organisation  of  people  and  things 
in  the  Navy  is  focused  on  a  particular  mission,  and  that  is 
to  support  United  States  policy,  wherever  necessary,  by  means 
of  the  use  of  weapons.  That  may  appear  to  be  a  very  broad 
definition  of  "v^eapons".  The  Navy  may  send  an  advisory 
group  to  a  foreign  country  to  teach  its  personnel  how  to 
use  weapons  or  it  may  send  its  corpsmen  into  a  disaster  area 
to  provide  medical  assistance.  Cut  foi*  the  most  part,  it  will 
be  deploying  weapons  systems  —  ships  and  planes  and  missiles 
with  all  their  supporting  paraphernalia  —  as  a  deterrent,  or 
as  a  counter,  to  the  use  of  force.  So  it  is  convenient  to  think 
of  any  direct  (as  opposed  to  supporting)  activity  in  support  of 
foreign  policy  as  involving  the  use  of  a  weapons  system. 

The  way  weapons  systems  are  used,  and  the  choice  of  weapons 
systems  used,  depends  upon  the  nature  ot  .  activity  —  in 
military  language,  an  operation.  An  operation  takes  place  in 
a  specific  environment.  Naval  operations  take  place  in  and  on 
the  sea,  from  sea  to  shore  (coast) ,  ashore,  and  in  the  air  above 
both.  Therefore  naval  operations  take  place  in  just  about 
every  possible  earthly  combination  of  environmental  influences; 
deep  and  shallow  seas  and  rivers,  sea  and  river  surfaces,  land 
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surfaces,  sea  to  land  surfaces,  and  all  levels  of  the  atmosphere 
up  to  very  great  heights. 

An  operation  is  made  up  of  specific  combinations  of  men  and 
materiel  performing  specific  tasks.  The  influence  of  environ¬ 
ment  on  both  men  and  materiel  will  depend  to  a  large  extent  upon 
what  specific  tasks  they  are  performing.  Naval  ecology  is  the 
science  of  the  interactions  between  environment  and  men-and- 
machines  in  discrete  activities. 

The  kinds  of  interaction  we  are  most  interested  in  are  those 
in  which  the  environment  has  some  measurable  effect  on  people 
and  materiel,  or  upon  the  activities  in  which  people-and-materiel 
are  engaged.  For  example,  people  are  subject  to  chilling,  over¬ 
heating,  fatigue,  and  degradation  of  their  ability  to  see,  to 
move,  etc.  And  many  machines  are  subject  to  the  same  kinds  of 
environmental  impact.  Materiel  is  subject  to  gradual  degradation 
(wear,  rotting,  rusting,  decomposition)  or  immediate  failure 
(breaking,  burning,  loss).  The  effects  are  generally  speaking 
of  two  kinds.  People  and  materiel  are  degraded  or  lost.  Activ¬ 
ities  are  inhibited  or  prevented  or  enhanced.  The  most  serious 
effects  for  naval  operations  are  inhibition  or  prevention  of 
activities. 

The  environment  is  also  affected  by  the  activities  of  men- 
and-machines  involved  in  naval  oporetions:  cities  and  supporting 
services  are  destroyed,  burned,  contaminated;  ecosystems  are 
disrupted,  possibly  for  generations;  people  are  killed,  etc. 
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The  military  services  of  the  world,  like  most  of  their  civilian 
counterpart  activities,  have  never  seriously  concerned  them¬ 
selves  with  this  aspect  of  the  activities.  But  in  an  era  of 
insurgent  and  counterinsurgent  operations,  in  which  quite 
literally  the  prize  is  not  a  geographic  location  but  winning 
the  support  of  civilian  populations,  a  great  deal  more  atten¬ 
tion  must  be  given  to  the  effect  of  naval  activities  upon  the 
physical,  cultural,  and  social  environments. 

Role  of  Weapons  Systems 

Since  the  weapons  system  is  basically  an  organization  of 
men  and  materiel  trained  and  designed  to  perfoifm  certain  tasks, 
the  tangible  unit  of  naval  operations  affected  by  environment 
is  the  weapons  system  and  its  components.  The  pattern  followed 
by  the  Navy  in  its  program  to  develop  systems  and  system  com¬ 
ponents  indicates  (Figures  4  and  5)  that  this  is  indeed  a 
pervasive  process,  based  on  national  policy,  involving  fleet 
and  CNO  recommendations,  and  involving  not  only  laboratories 
and  industry  but  ONR  as  well. 

Design  criteria.  A  review  of  Navy  documents  involved 
in  this  process  (GOR's,  SOR's,  etc.)  by  project  personnel, 
and  of  such  documents  applicable  to  Marine  Corps  operations 
by  Geography  Programs  personnel,  revealed  a  tremendous  vari¬ 
ation  with  respect  to  perception  of  the  significance  of 
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environmental  influence  —  in  these  instances,  of  course,  in 
terms  of  design  criteria.  Some  documents  specified  in  con¬ 
siderable  detail  conditions  of  the  environment  in  which  a 
weapons  system  coitponent  must  operate  (e.g.,  water  depths  of 
2  feet,  95°F.  at  sea  level,  10°  slopes,  etc.),  while  others 
covered  environment  in  such  terms  as  "all  weather  capability", 
"temperatures  from  -65°F  -  +1250p.",  etc. 

Laboratories .  However,  the  story  was  a  very  different 
one  in  the  laboratories.  Interviews  with  laboratory  personnel 
(for  list  of  offices  visited,  see  Appendix  I  )  and  laboratory 
reports  frequently  indicated  a  real  preoccupation  with  con¬ 
ditions  of  the  environment  in  which  a  particular  device  would 
operate  properly.  Although  this  way  be  an  overgeneralization, 
it  appeeured  to  us  that  requirements  documents  (GOR's,  etc.)  tended 
to  overstate  it  somewhat,  at  least  in  terms  of  the  number  of 
environmental  parameters  laboratory  engineers  and  scientists  said 
they  had  to  know  about.  Of  course,  we  did  not  visit  all  labo¬ 
ratories,  or  all  of  the  other  centers  and  stations  at  which 
testing  and  evaluation  and  environmental  studies  were  being 
carried  out,  but  we  believe  the  difference  reflects  the  fact  that 
the  engineering  concern  is  much  broader  than  the  operational  con¬ 
cern:  it  includes  long  term  durability  and  cost-effectiveness, 
\diereas  the  operational  concern  is  with  short  term  optimal  func¬ 
tioning.  Both  are  important  and  are  part  of  naval  ecology,  but 
the  sinnificance  relates  to  the  particular  naval  func’-ion,  as 
we  hepe  to  show. 


Laboratory  reports. .  handbooks,  technical  manuals,  oper¬ 
ating  manuals.  We  were  not  able  to  survey  all  of  the  litera¬ 
ture  directly  concerned  with  the  design,  test  and  evaluation, 
development,  transportation,  use,  and  storage  of  naval  ma¬ 
teriel  ~  all  of  which  we  assume  to  be  weapons  systems  "com¬ 
ponents",  since  all  are  designed  to  support  aome  activity 
relating  to  the  overall  Navy  mission.  However,  we  have  looked 
at  enough  bibliographies  of  reports  of  studies  made  by,  or 
supported  by,  naval  activities  of  various  sorts  to  know  that 
the  environmental  effect  on  materiel  is  very  often  a  major 
consideration,  as  indicated  in  the  previous  chapter.  This  is 

apparently  not  so  often  the  case  in  technical  manuals,  hand- 

» 

books,  and  operating  manuals,  in  all  of  which  the  major  effort 
is  to  describe  how  a  cc»nponent  works,  what  all  of  the  gadgets 
mean,  and  what  some  of  the  prominent  operating  problems  will  be. 

Range  of  impact  of  environment  on  weapons  systems.  In 
general,  environmental  relationships  are  stated  in  terms  of 
design  for  operation,  which  is  of  course  of  major  inqportance 
for  the  development  process.  Some,  but  relatively  f^,  con¬ 
sider  environment  in  relation  to  transportation,  storage,  or 
maintenance  of  the  component. 

Present  State  of  Knowledge  and  Application 
At  present,  knowledge  and  application  of  the  principles 
of  naval  ecology  constitute  an  incomplete  system.  The  iiqpor- 
tance  assigned  to  environmental  intact  on  a  given  weapons 


-  25  - 


I 


Model  of  Naval  Ecology 


system  component  depends  on  the  individual  design  engineer; 
the  importance  assigned  to  impact  of  environment  on  a  specific 
operation  depends  upon  the  experience  of  the  officers  in  charge; 
the  ability  to  avoid  environmental  pitfalls  and  use  environment 
positively  when  operating  a  specific  component  depends  upon  the 
experience  and  training  of  the  operator. 

There  are  many  specific  assessments  of  the  design  and  oper¬ 
ation  of  weapons  system  components.  There  are  many  specific 
assessments  of  operations.  And  there  are  many  careful  st^rdies 
of  various  environments.  But  for  the  large  part  these  have  not 
been  put  together  to  form  a  consistent  system  of  knowledge  which 
will  enable  a  planner  or  commander  to  optimize  an  operation  in 
support  of  a  mission  in  a  particular  environment. 

We  believe  it  is  possible  to  begin  to  structure  tuch  a 
system  upon  the  basts  of  what  is  already  known.  As  wc  see  it, 
many  existing  pieces  of  information  basic  to  the  system  have 
not  been  put  together. 

To  out  them  together  one  needs  some  sort  of  orcanUinc 
“model**  of  the  system. 

To  make  them  effective,  this  model  must  bo  tho  heart  of 
a  functioning  information  system. 

A  Model  of  Naval  Kcoloqy 

A  very  general  graphic  representation  of  a  navel  ecolog¬ 
ical  system  is  attempted  (Figure  6  ) .  This  not  only  shows 
some  basic  oporations-^veapons  systeros-environroent  relationships 
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{e.g.,  which  operations  are  carried  out  where  with  which 
weapons  systems),  but  also  some  of  the  environmental  con¬ 
straints  upon  the  systems  (e.g.,  heights  to  which  various 
craft  can  safely  submerge).  In  other  words,  the  general  range 
of  things,  activities .  and  ambience  is  illustrated.  The  prob¬ 
lem  is  to  reduce  this  general  picture  to  some  positive  state¬ 
ments  about  capabilities  and  limitations,  go-no  go  situations, 
etc. 

Structure  of  the  relationship.  The  idea  behind  struc¬ 
turing  this  relationship  is  simplicity  itself.  Just  as  the 
total  amount  of  "business"  for  one  day  in  a  large  department 
store  is  the  s\im  of  many  small  and  large  transactions  of  all 

I 

kinds,  so  the  total  impact  of  weather  and  sea  state  and  coastal 
topography  on  an  amphibious  operation  is  the  sum  of  many  small 
and  large  effects  of  states  of  the  environment  upon  men  and 
materiel  involved  in  many  kinds  of  activities.  To  predict  or 
simply  keep  track  of  total  business  or  total  impact  one  needs 
some  sort  of  accounting  system  —  an  accounting  system  based 
upon  an  understanding  of  how  the  small  events  add  up  to  larger 
ones  which  add  up  to  totals.  Some  banks  understand  these  re¬ 
lationships  well  enough,  for  example,  to  be  able  to  get  reli¬ 
ably  accurate  figures  on  the  day's  business  by  sampling  the 
transactions  instead  of  accounting  for  all  of  them.  This 
will  obviously  be  necessary  in  certain  aspects  of  the  use  of 
environmental  data  —  especially  in  strategic  planning  and 
in  operations?  on  the  other  hand,  development  will  probably 
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want  to  consider  all  known  relationships,  and  research  will 
be  necessary  to  support  both  the  knowledge  of  relationships 
and  the  bases  for  sampling. 

One  assumption  behind  the  structure  suggested  is  that 
any  small  effect  can  be  traced  to  the  part  it  plays  in  a 
larger  effect.  This  is  a  reasonably  certain  assumption,  be¬ 
cause  all  of  the  categories  of  the  relationship  are  aggre- 
gatable  and  the  effects  are  largely  measurable.  The  array 
of  index  subjects  from  the  NCEL  GUIDE  in  the  preceding 
chapter  (Figure  2  )  suggests  that  development  investigations 
regularly  examine  the  relationship  at  several  levels  of 
aggregation:  structures  are  designed  for  "  *e  marine  environ¬ 
ment,  but  at  the  same  time  the  biodeterioration,  corrosion, 
fouling,  etc.,  of  various  kinds  of  materiel  and  equipment 
are  studied  with  respect  to  specific  aspects  of  that  environ¬ 
ment  . 

A  graphic  portrayal  of  the  model  concept  (Figure  7  ) 

shows  how  all  categories  and  their  ecological  relationships 
within  specifically  defined  operations  are  discrete  with 
respect  to  naval  function.  One  would  expect  the  normal 
laboratory  investigation  to  be  at  the  most  specific  level  of 
materiel  and  element  of  environment,  and  usually  either  this 
is  the  case  or  such  studies  have  been  made  and  are  basic  to 
designs  of  such  collective  materiel  designations  as  "structures" 
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or  "aircraft".  It  is  quite  normal  to  apply  all  of  the  known 
principles  of  environmental  relationship  of  materials,  wing 
conformation,  structural  strength,  etc.,  to  design. 

Explanation  of  model.  The  distinction  between  the  signif¬ 
icance  of  environmental  impact  to  research  and  development,  on 
the  one  hand,  and  strategic  planning  and  operations .  on  the 
other,  is  apparent.  Research  is  concerned  with  unknowns  in 
the  environment;  applied  research  is  concerned  with  the  unknowns 
in  the  environment-weapons  systems  relationship;  and  development 
is  application  of  principles  of  relationships  to  improved  weapons 
system  design  or  adaptation  to  environmental  stress  by  means 
of  new  use  techniques.  (The  distinction  between  research  and 
development,  which  we  will  elaborate  somewhat  in  the  following 
chapter,  becomes  quite  understandable  in  this  context:  applied 
research  and  development  clearly  take  their  cues  from  require¬ 
ments  for  new  or  modified  weapons  systems,  whereas  research 
tends  to  be  generated  by  ignorance  about  the  environment.  To 
give  such  research  naval  relevance  it  is  necessary  to  conduct 
it  in  those  areas  of  ignorance  which  have  the  greatest  impact 
on  use  of  present  and  proposed  weapons  systems.) 

In  both  activities  all  ranges  of  impact,  from  minor  to 
ma  or,  are  considered:  that  is  to  say,  the  optimum  funcLioning 
of  all  equipment  and  materiel  is  important.  There  is  therefore 
no  relationship  —  no  aspect  of  naval  ecology  —  that  is  unimpor¬ 
tant  to  these  two  basic  naval  functions. 


In  strategic  planning  and  operations  the  significance 
narrows  down  rapidly  to  weapons  system  critical  to  an  oper¬ 
ation,  and  to  the  importance  of  environmental  impact  on  their 
successful  functioning. 

To  illustrate  the  difference  with  examples,  corroded 
cables  may  affect  an  operation  adversely  when  they  do  not 
function  properly.  But  that  is  not  the  commander's  concern; 
design  features  and  maintenance  procedures  are  supposed  to 
preclude  such  malfunctions.  However,  design  and  maintenance 
often  provide  adaptation  only  up  to  certain  limits  of  environ¬ 
mental  impact,  and  the  commander  must  know  for  critical  com¬ 
ponents  —  such  as  landing  craft  in  an  amphibious  operation  — 
what  those  limits  are  and  the  extent  to  which  such  conditions 
will  inhibit  or  stop  landing  craft.  More,  he  must  know  what 
that  "extent"  means  in  terms  of  success  of  the  overall  oper¬ 
ation. 

This  means  that  the  universe  of  environmental-ecological- 
engineering  knowledge  which  is  so  necessary  at  the  research 
and  development  levels  must  be  focused  for  practical  use  at 
strategic  planning  and  operations  levels.  The  focus  is  achieved 
by  two  analytical  procedures,  shown  in  the  center  of  our  model: 

(1)  impact  data  must  be  aggregated  in  terms  of  weapons 
systems,  giving  the  commander  some  quantified  idea,  for  exampJ.e, 
of  hov/  many  amphibious  craft  will  not  reach  shore  in  sea  state  X, 


and 
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(2)  every  component  must  be  assigned  a  weighting 
factor  indicating  its  importance  in  the  overall  achievement 
of  mission;  for  example,  what  are  the  really  critical  weapons 
systems  components  in  an  amphibious  operation?  To  know  what 
effect  sea  state  X  will  have  on  mission  success,  he  must  know 
how  large  a  factor  landing  craft  will  play  in  that  particular 
operation. 

Building  the  Applied  Science.  Naval  Ecology 
The  building  blocks  of  this  applied  science  are  at  the 
level  of  greatest  specificity  in  the  model.  For  very  specific 
engineering  and  design  purposes  many  of  the  relationships  at 
this  level  have  been  examined  and  are  being  exani^  ed,  and 
there  is  a  wealth  of  reports  in  which  highly  ^  "  re¬ 

lationships  are  examined  or  inferred,  in  which 
for  new  environmental  data  are  indicated,  in  of 

environmental  impact  is  implied,  etc. 

One  of  the  basic  steps  in  raaking  these  widely  scattered 
kinds  of  relevant  Information  useful  is  to  pull  together  what 
is  known,  what  is  inferred  and  implied,  emd  what  is  not  known. 
It  will  be  in  a  sense  a  pioneering  effort  to  demonstrate: 

(a)  how  much  is  known  about  naval  ecology,  and  (b)  how 
important  this  Information  is  when  it  is  put  together  in  a 
coherent  system  of  principles  of  relationships.  As  this  is 
accomplished,  the  results  should  be  transmitted  by  some 
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media,  probably  in  the  form  of  reports,  to  both  ONR  and 
the  naval  laboratories,  for  obviotis  reasons  in  both  cases. 

The  two  processes  which  link  these  scientific  and  engi¬ 
neering  data  to  planning  and  management,  and  which  in  effect 
select  out  management  applications,  are  data  aggregation  by 
weapons  systems  and  systems  analysis  of  operations-and-weapons 
systems  for  the  purpose  of  assigning  weight  factors  to  critical 
weapons  systems  components  in  given  operations.  The  first  is 
a  logical  development  of  systematizing  naval  ecological  infor¬ 
mation.  The  second  is  probably  only  worth  doing  if  an  infor¬ 
mation  system  for  management  use  is  going  to  be  developed,  in 
which  case  it  would  be  a  function  of  whatever  agency  sponsored 
development  of  the  information  system. 
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QJ^PTER  4 


THE  DISTINCTION  BETWEEN  RESEARCH  AND  DEVELOPMENT 

There  are  such  fine  shadings  of  difference  between  basic 
and  applied  research,  and  between  applied  research  and  develop¬ 
ment,  that  it  is  often  very  difficult  to  know  into  which  cate¬ 
gory  a  particular  project  fits.  Nonetheless,  the  Navy  makes 
the  distinction.  Funds  categorized  "research"  are  adminis¬ 
tered  in  ONR,  while  funds  labeled  "development"  and  "-"dvanced 
development"  are  administered  in  the  Materiel  Command. 

Excepting  the  Naval  Research  Laboratory,  most  development  and 
advanced  development  are  carried  out  in  naval  laboratories, 
which  also  may  do  some  relevant  basic  research,  frequently 
with  ONR  funds.  Both  ONR  and  the  laboratories  rely  heavily 
on  people  and  organizations  "outside"  the  Navy  in  their  pro¬ 
grams:  on  universities,  the  laboratories  on  industry. 

It  is  perfectly  obvious  to  everyone  —  including  every¬ 
one  in  Navy  —  that  there  should  be  the  utmost  coordination 
among  these  three  classes  of  studies  and  investigations 
supported  by  a  single  organization.  There  ckx  be  no  question 
that  anything  supported  by  Navy  funds  ought  to  support  the 
overall  Navy  mission  in  some  discernible  fashion,  with  the 
general  philosophy  in  mind  that  whatever  helps  Navy  perform 
effectively  is  also  in  the  national  interest.  In  fact,  the 
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laboratories  tend  to  be  prodxtct  directed,  while  in  02JR  it  is 
the  responsibility  of  program  directors  to  assure  mission 
relevance. 

That  tliere  is  in  fact  not  very  much  coordination  is  the 
most  natural  thing  in  this  modern  technological  world,  as 
noted  before.  Not  to  belabor  the  point,  may  we  just 
say  that  coordination  among  elements  of  an  organization  is 
seldom  perceived  as  a  path  to  personal  or  organizational 
achievement  and  glory.  On  the  contrary,  competition  is 
appropriate.  In  brief,  in  ONR  the  payoff  is  in  basic  re¬ 
search  —  new  knowledge;  in  the  laboratories,  the  payoff  is 
in  develoiMnent  of  new  materials,  new  equix>ments,  new  weapons 
systems. 

But  this  is  not  the  only  facet  of  competition.  For  the 
laboratories  thenuselves  are  functionally  distinct,  oriented 
toward  different  aspects  of  Navy  hardware  and  operaticns, 
and  geographically  separate.  Among  other  things  this  means 
that  although  there  are  officially  12  naval  laboratories, 
one  of  these  (NRL)  is  attached  to  the  Chief  of  Naval  Research, 
and  the  other  11  do  not  any  means  represent  the  Navy's 
only  resources  for  development  activities.  There  are  many 
"centers**  and  "stations"  and  "^ites"  which  ate  also  involved 
in  similar  activities.  The  reason  for  this,  of  course,  is 
that  there  are  problems  to  solve,  and  people  will  attenqpt  to 
solve  them  according  to  theSx  own  particular  capabilities 
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and  interests.  So  an  organization  chart  rarely  provides  an 
accurate  picture  of  what  is  going  on  at  a  particular 
installation.  Besides,  American  industry  plays  a  large 
role  in  development  for  Navy. 

If  we  can  accept  the  fact  that  large  organizations  are 
probably  no  better  organized  than  we  are  as  individuals  in 
our  daily  lives,  then  it  is  possible  to  understand  why  it 
is  difficult,  if  not  impossible,  to  coordinate  fully  for 
naval  relevance  the  v/ide  variety  of  organizational  units 
located  all  over  the  United  States,  some  v/ithin  Navy  but 
many  outside,  which  are  s^ ^  iding  the  money  labeled  "research", 
"development",  or  "advanced  development".  While  it  is  human 
nature  to  attempt  to  fit  large  groups  of  people  into  discrete 
functional  categories  and  assume  that  people  so  grouped  are 
performing  the  specified  function,  it  is  common  knowledge 
that  things  do  not  work  out  this  \-ray.  Scientists  inclined 
toward  application  are  going  to  incline  toward  application 
whatever  their  assigned  tasks,  and  engineers  interested  in 
basic  research  are  going  to  find  ways  to  spend  their  time  on 
basic  research. 

Unfortunately,  this  creates  some  problems; 

(1)  The  organization  of  environmental  data  collection, 
for  example,  obviousi.y  is  not  cgtimized  by  assigning  the 
oceans  to  one  agency  and  the  atmosphere  to  another.  There 
is  no  universal  system  of  data  design  for  either;  information 
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format  is  specified  by  need,  and  it  is  hard  for  a  collection 
agency  to  be  totally  responsive  to  a  variety  of  needs,  even 
if  commun? cation  among  agencies  were  good,  which  it  isn't. 

What  happens  very  often  is  that  the  functional  agency  with 
a  need  either  uses  inappropriate  data,  or  attempts  to  extra¬ 
polate  and  translate,  or  collects  its  own,  or  does  without. 
Meanwhile,  the  collection  agency  goes  merrily  ahead  collecting 
all  kinds  of  data  which  are  not  used  by  anyone. 

(2)  There  has  been  little  research  on  the  interaction 
of  environment  and  military  operations  (as  opposed  to  a 
great  deal  on  the  interaction  of  environment  and  metal 
corrosion,  for  example) .  The  reason  is  that  no  one  has  the 
responsibility  for  knowing  about  this  except  the  commander 
of  an  operation.  (The  only  special  facets  of  operations 
singled  out  for  attention  are  intelligence,  and  much  more 
recently,  logistics.)  The  comn\ander  learns  the  rudiments  of 
environmental  impact;  weather,  something  about  terrain,  sea 
state,  surfs  and  beaches.  But  this  covers  such  a  wide 
variety  of  complex  situations  —  this  naval  ecology  —  that 
no  commander  can  possibly  give  the  time  and  effort  to 
organize  a  special  investigation.  It  is  still  largely  an 
art  instead  of  a  science. 

(3)  There  must  be  enormous  duplication  of  effort.  I 
have  referred  earlier  to  the  wide  variety  of  riverine  craft 
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being  produced  by  a  number  of  different  branches  of  service, 
possibly  for  slightly  different  uses,  but  all  for  the  rivers 
of  the  Vietncun  delta  area. 

Conclusions .  The  impasses  created  when  vertically- 
structured  organizations  are  unable  to  solve  inter-  and 
intraorganizational  problems  —  problems  which  literally 
require  a  "team"  approach  to  solution  —  exist  throughout 
the  modern  world  and  are  not  going  to  be  overcome  here.  But 
it  does  appear  that  providing  and  soliciting  information  may 
be  an  integrating  activity  that  will  help  increase  the  amounts 
of  cross-organizational  corfimunication  and  coordination  with¬ 
out  endangering  the  precepts  and  validity  of  the  organizations 
and  individuals  involved.  I  think  the  concept  liere  is  that 
there  is  more  power  to  be  exercised  in  distributing  infor¬ 
mation  than  in  withholding  information,  a  concept  that  most 
managers  and  leaders  apparently  do  not  accept. 
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CHAPTER  5 


THE  KEY”  ROLE  OF  A  COASTAL  INFORMATION  SYSTEM 

Our  conclusions  are  that  environmental  impact  on  naval 
operations  is  significant  and  that  much  more  is  known  about 
such  impact  than  is  applied.  Present  naval  organization  is 
one  of  the  reasons  that  ecological  data  have  not  been  system¬ 
atized  and  principles  of  environmental  impact  applied  in  an 
integrated  fashion  to  all  naval  functions.  This  is  quite 
understandable,  and  we  do  not  suggest  reorganization.  Instead, 
we  believe  that  creation  of  a  coastal  information  system  would 
provide  impetus  for  increased  sophistication  in  the  develop¬ 
ment  and  use  of  environmental  impacr.  data  —  and  would  at  the 
same  time  help  integrate  naval  functions  which  now  tend  to  be 
separated  by  organizational  gulfs. 

If  this  appears  to  be  a  case  of  rationalizing  one's 
original  goals,  let  us  point  out  that  what  we  originally 
thought  to  be  our  objective  is  also  a  way  of  introducing  new 
ideas  without  drastically  altering  the  present  naval  modus 
operand!.  In  other  words,  the  coastal  information  system  is 
now  not  just  an  end  in  itself,  but  a  way  of  achieving  a  number 
of  related  objectives,  by  no  means  the  least  of  which  is  an 
integrating  communication  system  among  the  organisations 
supporting  the  four  basic  naval  functions.  One  has  only  to 
look  at  the  impact  of  accounting  systems  on  the  patterns  and 
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personalities  of  different  businesses  to  realize  the  signif¬ 
icance  of  the  form  given  to  information;  cost  accounting 
systems  which  originated  in  Germany  during  World  War  II  are 
credited  with  the  incredibly  efficient  German  use  of  raw 
materials,  and  the  same  systems  apparently  were  basically 
responsible  for  directing  the  post  war  Ford  Motor  company 
toward  profits  instead  of  losses.  The  term  "system"  is 
significant  here,  because  system  thinking  is  integrating 
thinking . 

The  heart  of  any  system  is  the  transformation  process  — 
the  ways  in  which  inputs  are  transformed  to  outputs  —  because 
the  outputs  are  no  longer  data  to  be  translated  according  to 
the  decision-maker's  experiencej:  they  are,  in  fact,  state¬ 
ments  of  philosophy  and  interpretation  which  help  make  the 
decisions.  In  effect,  the  transformation  process  _is  the 
system,  and  whoever  controls  this  process  can  indeed  exercise 
a  great  deal  of  influence,  not  by  withholding  information, 
but  rather  by  marshalling  it  —  which  means  giving  functional 
activities  the  pieces  of  the  integrated  information  oi’tput 
they  require.  When  we  could  not  make  real  headway  in  deter¬ 
mining  requirements  —  and  thereby  specifying  outputs  —  we 
investigated  the  transformatioxi  process  to  see  how  environ¬ 
mental  data  were  being  managed  within  Navy. 
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The  Transformation  Process:  Coastal  Information 


Our  first  attempt  at  structuring  this  process  was  re¬ 
ported  previously  (October  1968) .  We  postulated  that  the 
transformation  processes  were  defined  by  such  terms  as  selecting'. 
filtering,  monitoring,  translating,  factoring,  relating,  summa¬ 
rizing;  that  they  represented  key  relationships  within  the 
system  and  with  other  systems;  and  that  these  relationships 
could  be  "located"  at  three  interfaces.  (The  term  "interface" 
tends  to  be  gobbledegook,  and  for  this  we  apologize.)  What 
we  meant  was  that  at  three  "locations"  in  the  system  the 
characteristics  of  competing,  or  at  least  different,  functions 
had  to  be  resolved  in  Navy's  favor.  One  of  these  was  the 
point  at  which  coastal  data  entered  the  Navy  system  from  out¬ 
side  sources,  and  here  all  relationships  other  than  the 
environment/military  operation  relationship  were  filtered  out. 
Another  was  the  point  at  which  areas  of  the  world  unlikely  to 
have  any  significance  to  Navy  in  the  foreseeable  future  were 
screened  out.  A  third  was  the  internal  Navy  bias  which  trans¬ 
lates  most  naval  requirements  in  terms  of  weapons  systems. 

As  we  have  defined  them,  the  interfaces  are  conceptual. 

But  they  should  exist  in  a  functional  sense  if  not  in  an 
institutional  sense:  that  is  to  say,  someone,  somewhere  in 
Navy  should  be  involved  with  these  interface  functions,  be¬ 
cause  coastal  information  d*”  's  in  fact  move  into  and  through 
the  system. 
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In  terms  of  these  concepts  we  drew  up  the  Coastal  Data 
Flow  Information  System  (Figure  8) .  On  the  basis  of  this 
we  suggested  in  our  first  report  that  the  second  year's 
effort  be  an  examination  of  the  real  system  as  compared  with 
our  conceptual  system: 

The  purpose  in  doing  this  is  to  be  able  to 
make  some  generalizations  about  the  transformation 
processes  presently  at  work  and  to  what  extent  they 
appear  to  be  equivalent  to  requirements.  It  is  a 
reasonable  assumption  that  the  points  at  which  the 
"real"  system  and  the  "ideal"  system  do  not  match 
are  points  about  which  some  management  decisions  can 
be  made.  (p.59) 


The  "Real"  System 

The  "real"  system  we  took  to  be  those  information  flows 
which  supported  the  entire  range  of  weapons  systems  activities, 
from  determination  of  requirements  to  design  and  exploratory 
development,  from  test  and  evaluation  to  advanced  development, 
from  transport  and  storage  to  use  and  maintenance.  In  fact, 
our  contacts  with  the  laboratories  indicated  that  the  weapons 
system  orientation  was  real,  and  the  approach  to  weapons  systems 
procurement  in  Navy  is  in  every  sense  a  system:  the  various 
aspects  of  the  system  are  charted  in  Figures  4  and  5.  What 
these  charts  do  not  indicate  is  the  input  of  environmental 
data  required  for  such  a  process.  A  comparison  with  the  process 
chart  drawn  by  Sykes  (Figure  3)  shows  how  many  possible  omis¬ 
sions  of  environmental  data  occur. 

Although  the  documents  themselves  —  the  GOR's  and  their 
corresponding  SOR's  and  TSOR's,  and  the  feedback  documents. 
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TDP's,  EDP's  and  PTA's,  contain  varying  amounts  of  environ¬ 
mental  "requirements",  and  there  is  a  general  framework  of 
military  environmental  standards,  our  interviews  with  labor¬ 
atory  personnel  clearly  indicated  that  environmental  data  are 
much  more  prevalent  in  the  process  than  indicated  by  the  docu¬ 
ments  themselves. 

We  believe  that  the  role  of  coastal  (environmental)  data 
is  much  more  fully  portrayed  in  Figure  9.  Environmental  data 
are  supplied  to  the  fleet  and  to  CNO  from  a  variety  of  intelli¬ 
gence  and  environmental  data  disseminating  sources.  These 
sources  are  also  used  by  the  laboratories,  which  can  draw  upon 
ONR  as  well  as  many  outside  agencies  for  environmental  data 
they  need;  and  many  laboratories  collect  data  informally 
themselves.  Industry  probably  has  about  the  same  sources  as 
do  the  laboratories. 

Evaluation.  This  is  a  system  with  many  hiatuses,  largely 
because  it  is  a  system  only  informally  —  because  we  have 
chosen  to  regard  it  as  a  system.  Weapons  systems  procurement 
is  indeed  a  system,  and  a  formal  one.  But  coastal  information 
as  a  supporting  system  for  all  naval  functions  in  support  not 
only  of  procurement  (design  and  development),  but  also  use, 
transportation,  storage,  and  maintenance  of  weapons  systems 
does  not  exist.  If  there  were  a  formal  system,  it  would  have 
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FIGURE  9  THE  ROLE  OP  COASTAL  INFORMATION  IN  WEAPONS  SYSTEM  DEVELOPMENT 


these  characteristics  which  are  now  missing: 

(1)  Environmental  data  would  be  translated  into  immediately 
applicable  information  outputs  for  each  of  the  four  functiois: 

as  it  is,  there  is  very  little  difference  between  data  inputs 
and  data  outputs,  and  there  is  no  environmental  data  system 
designed  to  meet  the  needs  of  either  the  research  functioii  or 
the  development  function; 

(2)  There  would  '>e  feedback  of  operational  data  from 
industry  and  laboratories  to  CKC  emd  Fleet  Command:  instead, 
numerous  reports  are  generated  which  are  not  even  circulated 
among  laboratories; 

(3)  There  would  be  feedback  of  scientific  data  from 
research  to  industry  and  laboratories:  instead,  reports  are 
generated  which  are  available  on  the  same  basis  as  laboratory 
(and  industry)  reports. 

Notice  that  these  points  relate  only  to  what  we  have 
called  the  weapons  systems  interface  —  in  other  words,  the 
internal -to-Navy  process  of  translating  and  marshalling 
information  in  support  of  the  four  basic  functions.  The 
priorities  interface  probably  exists  in  some  fashion:  there 
was  no  point  in  investigating  what  is  probably  a  highly 
classified  activity  until  an  actual  information  syslont  was 
put  into  operation;  it  is  enough  to  specify  the  requirements 
for  the  activity.  The  relationships  interface  consists  of 
a  hodgepodge  of  contacts  with  information  sources  outside 
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Theoretical  System:  Preliminary  Design 


Navy;  it  can  be  defined  to  some  extent  when  the  system  is 
designed,  but  it  v;ill  probably  continue  to  be  a  hodgepodge 
because  environment-military  relationships  are  not  very 
exclusive. 

A  Theoretical  System 

Examination  of  the  present  system  and  what  was  missing 
from  it,  when  coupled  with  the  investigation  of  the  develop¬ 
ment  potential  of  naval  ecology,  convinced  us  that  it  was 
now  possible  to  specify  in  some  detail  the  nature  of  a  theo¬ 
retical  coastal  information  system  responsive  to  naval  require¬ 
ments  (Figure  10).  The  following  are  our  specifications; 

INPUTS 

(1)  Relationships  data.  Incorporating  the  basic  con¬ 
cepts  of  the  model  of  naval  ecology,  the  heart  of  system 
inputs  is  a  data  bank  which  contains  all  available  infcirmation 
on  the  relationships  involving  components  of  environment  with 
components  of  weapons  systems  —  i.e.,  all  materiel,  equip¬ 
ment  and  personnel  in  all  possible  activities  subsumed  under 
design,  test,  evaluation,  etc.  Inputs  to  this  data  bank  are 
categorized  in  all  possible  ways,  so  that  relationships  data 
can  be  retrieved,  grouped,  and  analyzed  from  the  varying  points 
of  view  of  elements  or  aggregates  of  environment,  location, 
relationship  (kind  of  effect),  class  of  thing  or  person,  cate¬ 
gory  of  activity,  stage  in  weapons  systems  process,  etc.  (Our 
exercise  with  three-dimensional  matrices  shoves  this  is  possible.) 
These  data  come  from  any  possible  source,  but  primarily,  one 
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FIGURE  10  DESCRIPTION  OF  A  COASTAL  INFORMATION  SYSTEM 


would  think,  from  military  laboratories  and  from  industry. 

There  may  be  several  classes  of  such  relationships  infor¬ 
mation,  but  at  the  very  least  there  should  be  two:  (a)  rela¬ 
tionships  which  are  in  some  sense  "preliminary"  or  "explora¬ 
tory"  or  even  "hypothetical",  and  (b)  relationships  observed 
often  enough  to  be  stated  as  principles  of  naval  ecology. 

The  latter  are  the  most  useful,  of  course;  the  former  indicate 
a  need  for  further  investigation,  perhaps;  and  an  absence  of 
either  in  significant  areas  of  developing  weapons  systems 
components  is  a  signal  for  activity  in  development  or  research 
or  both. 

Information,  or  lack  of  information,  in  the  data  bank 
should  be  immediately  available  on  request  to  OIJR,  all  naval 
laboratories  and  development  centers  of  whatever  type,  and 
industry  supporting  naval  weapons  systems  development. 

(2)  Environmental  data.  The  data  bank  is  the  basic 
input  to  the  system:  in  terms  of  its  stated  relationships 
environmental  inputs  are  generated.  A  relationship  will 
specify  environmental  conditions:  this  generates  a  request 
for  data,  and  it  should  be  known  whether  the  necessary  data 
exist  and  if  so  in  what  format,  coverage,  etc.  If  the  data 
required  are  such  that  statistical  means  or  probabilities 
are  insufficient,  sources  of  predictions  should  be  indicated. 

If  data  are  in  any  sense  unavailable,  this  information  should 
be  stored.  Relationships  firm  enough  to  be  stated  as  principles 
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should  be  backed  up  with  all  available  required  data:  this 
means  essentially  having  a  constant  input  for  such  relation¬ 
ships.  There  should  also  be  constant  input  for  frequent 
requests  and  a  knowledge  of  source  for  infrequent  requests. 

In  other  words,  environmental  data  are  acquired  and  stored 
and  supplied  according  to  need.  The  system  should  be  respon¬ 
sive  to  all  requests  for  environmental  data,  including  the 
once-in-a-decade  type,  but  the  location  of  such  data  in  the 
system  and  the  format  of  its  output  should  be  determined  by 
frequency  and  priority  of  need. 

(3)  Priority  inputs.  To  limit  the. size  of  the  transfor¬ 
mation  process  (but  not  the  data  bank,  which  should  include 
all  known  relationships  and  sufficient  environmental  data, 
as  defined  above) ,  four  inputs  will  establish  priorities  for 
region,  operation,  weapons  systems,  and  environmental  impact: 

(a)  Priorities  will  be  assigned  to  such  regions 
as  may  be  considered  strategic  for  naval 
purposes. 

(b)  Each  such  region  will  be  defined  in  terms  of 
probable  operations. 

(c)  Each  operation  will  be  defined  in  terms  of 
weapons  systems  components  priorities  —  which 
are  most  critical,  least  critical,  etc.,  to 
success  of  the  operation. 

(d)  Each  component  will  be  described  in  terms  of 
its  sensitivity  to  environmental  impact. 
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OUTPUTS 


We  previously  specified  three  levels  of  outputs,  the 
first  being  priority  information  on  region  and  operation;  we 
have  now  categorized  this  as  an  input,  leaving  two  levels  of 
outputs;  command  level  and  support  (operating)  level  (Figure  11). 
The  distinction  between  these  two  levels  is  the  same  for  all 
functions;  command  level  outputs  are  limited  to  high  priority 
regions  and  operations,  and  to  critical  and  sensitive  weapons 
systems  components.  Management  can  thereby  measure  its  re¬ 
search  and  development  programs  in  terms  of  how  well  they 
are  adjusted  to  the  Navy's  most  urgent  needs,  and  those  in 
command  of  strategic  planning  and  operations  will  have  only 
the  information  they  need  to  support  the  level  of  decisions 
they  must  make.  Otherwise  the  output  is  designed  to  meet 
the  purposes  of  the  particular  function.  To  the  extent  that 
these  can  be  anticipated  at  this  point  they  are; 

(1)  For  environmental  research.  Environmental  unknowns 

( needs -to-know)  about  distribution,  probabilities  of  occurrence, 
intensities,  predictability,  relationships  with  other  environ¬ 
mental  elements,  etc. 

(2)  For  weapons  systems  development,  test  and  evalu¬ 
ation.  We  arbitrarily  divide  this  process  into  applied  re¬ 
search  and  all  aspects  of  development; 

(a)  Applied  research  -  all  unknowns  about  environ¬ 
ment-weapons  systems  relationships. 
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(b)  Dovelopmcnt  -  all  data  on  relationships,  in 
support  of  improved  design  (application)  or 
improved  use  (adaptation) .  All  environmental 
data  for  the  specific  conditions  of  design 
indicated  in  GOR's  and  related  documents. 

(3)  For  strategic  planning:*  statements  of  the  nature 
and  extent  of  probable  environmental  impact  on  weapons  systems 
components  available  for  use,  giving  modifying  place,  season, 
and  time  of  day  options. 

(4)  For  operations;*  statements  of  the  nature  and 
extent  of  probable  environmental  impact  on  weapons  systems 
components  being  used,  giving  such  place  and  time  options  as 
are  possible. 

*  To  an  important  extent  the  support  or  operating 
level  data  in  these  cases  are  instructions  a)x>ut 
optimum  techniques  of  operation,  supplied  either 
in  actual  training  or  in  training  manuals  and 
therefore  given  only  to  the  operator  or  user 
of  specific  components  (Level  2  deleted,  Figure  11). 

TRANSFORMATION 

Given  those  inputs  and  outputs,  it  is  now  possible  to 
be  more  sped  lie  about  the  transformation  processes: 

(1)  Translation.  The  major  data  change  process  inv'oives 
the  two  activities  at  the  center  of  the  naval  ecology  models 
(i)  aggregating  impact  data  by  weapons  systems,  and 
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(ii)  assigning  weighting  factors  to  components  according 
to  the  importance  of  their  contribution  tc  an  operation. 

The  technique  of  using  these  methods  to  translate  relation¬ 
ships  data  into  probable  impact  statements  will  be  a  major 
factor  in  developing  the  system. 

(2)  Selection.  By  far  the  most  prevalent  process  is 
simply  selecting  appropriate  data  according  t  ^  functional 
needs  or  according  to  specific  requests  to  the  system;  the 
interlocking  categorizations  and  real  interdependencies  of 
the  three  classes  of  inputs  make  a  wide  variety  of  selection 
systems  possible,  particularly  in  an  automated  system. 

(3)  Marshalling.  Routing  only  relevant  data  to  poten¬ 
tial  users  is  a  very  pov/erful  aspect  of  transformation. 
Marshalling  also  routes  relevant  data  to  translation  and 
selection. 

Evaluation.  In  our  various  attempts  to  diagram  aspects 
of  a  postulated  —  as  opposed  to  real  —  system  (Figures  7, 
8,  10,  11)  we  have  avoided  designating  elements  of  naval 
organization.  There  is  a  tendency  to  equate  research  with 
ONR,  development  with  the  laboratories,  strategic  planning 
with  CNO  and  operations  with  Fleet.  However,  the  name  and 
locus  of  such  a  system,  the  sources  of  its  data,  and  the 
agencies  tc  which  the  outputs  go  all  remain  relatively 
abstract.  It  would  servo  no  purpose  to  attempt  to  identify 
elements  of  organization  prematurely,  and  as  our  pro[>osals 
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for  initiating  devclopmoni;  indicate,  this  is  a  process  in 
which  the  initiative  must  come  fortuitously  —  from  the 
agency  or  agencies  which  perceive  the  requirement. 

Oui*  basic  evaluation  of  this  exercise  is  that  if  it  is 
important  to  the  Navy  to  have  such  an  information  system  — 
then  it  is  possible  to  develop  one.  The  rudiments  of  both 
the  science  and  the  information  system  exist  now.  By  under¬ 
standing  and  carefully  working  out  the  process  of  develop¬ 
ment,  one  should  be  able  to  upgrade  these  rudiments  into 
effective  systems  rather  soon. 
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CHAPTER  6 


CONCLUSIONS  AND  RECOMMENDATIONS 

In  our  original  proposal  to  ONR  (September  1967)  we 
said,  "The  problems  of  structuring  (a  coastal  information) 
system  are  vast,  while  the  problems  of  im^^  lementing  the 
system,  once  it  is  structured,  are  minor  ....  Therefore, 
this  proposal  is  addressed  to  the. problems  of  concept  and 
structure  which  must  precede  implementation." 

Unless  we  are  badly  mistaken  the  problems  of  concept 
and  structure  were  not  so  vast  as  we  thought  at  the  time  — 
if  our  solutions  are  acceptable.  Meanwhile,  in  the  process 
of  working  on  these  problems  we  believe  we  have  learned 
something  about  the  process  of  implementation. 

Conclusions 

We  have  concluded  that  environmental  impact  on  naval 
operations  is  significant;  that  the  rudiments  of  the  science 
describing  and  measuring  this  impact  exist  (we  refer  to  this 
as  naval  ecology) ;  that  an  information  system  can  be  created, 
based  on  principles  of  naval  ecology,  which  as  it  evolves 
will  improve  naval  eilectiveness . 

We  believe  that  such  an  information  system  will  provide 
the  focus  by  means  of  which  an  effective  interaction  can  be 
established  among  the  four  basic  Navy  functions  —  strategic 
planning,  operations,  weapons  systems  development,  and 


research;  will  provide  the  stimulus  for  defining  and  acting 
upon  principles  of  environmental  interaction;  and,  therefore 
will  have  a  desirable  impact  on  system  effectiveness.  This 
belief  is  based  on  evidence  of  the  pervasive  influence  upon 
organizations  of  the  introduction  of  systematic  data  mar¬ 
shalling  —  typically  of  accounting  systems,  of  logistics 
and  personnel  information  systems  —  in  fact  most  management 
information  systems. 

Recommendations 

Our  conclusions  led  us  to  two  distinct  but  interrelated 
recommendations:  development  of  a  body  of  coordinated  knowl¬ 
edge  termed  "naval  ecology"  and  creation  of  an  information 
system.  The  first  can  best  be  described  as  empirical  research  — 
the  patient  piecing  together  of  empirical  data  into  a  useful  and 
valid  body  of  knowledge.  The  second  is  part  adaptive  innovation, 
part  technology,  part  management.  In  the  process  of  developing 
both  an  understanding  of  environmental  interaction  and  appli- 
cation.s  of  that  understanding,  the  two  activities  are  necessary, 
because  it  is  on  the  basis  of  a  framework  of  environment-weapons 
systems-operations  relationships  that  all  levels  of  an  infor¬ 
mation  system  can  eventually  be  created. 
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Recommendation  1 


Construct  an  Empirical  Model 


of  Naval  Ecology  Based  on  Data  From  Service 
Laboratory  and  Engineering  Centers 
Our  discussions  with  naval  laboratory  personnel  indicated 
in  many  cases  a  real  concern  with  environmental  impact.  A 
large  proportion  of  the  studies  carried  out  at  the  Naval  Civil 
Engineering  Laboratory,  as  indicated  previously  in  this  report, 
had  to  do  with  one  or  another  aspect  of  environmental  relation¬ 
ships.  A  survey  of  the  Technical  Abstract  Bulletin  showed 
titles  of  apparently  relevant  reports  from  the  following 
naval  installations: 

Naval  Weapons  Center 

Naval  Ship  Research  and  Development  Center 

Mine  Defense  Laboratory 

Naval  Inshore  Underwater  Warfare  Group 

Naval  Underwater  Warfare  Center 

Naval  Air  Development  Center 

Naval  Air  Engineering  Center 

Naval  Avionics  Facility 

Naval  Medical  Field  Research  Laboratory 

Naval  Medical  Research  Institutes 

Naval  Missile  Center 

Naval  Oceanograpiiic  Office 

Naval  Personnel  Research  Activities 

Naval  Radiological  Defense  Laboratory 

Naval  Supply  Research  and  Development  Facility 

Naval  Training  Device  Center 

Naval  Underwater  Weapons  Research  and  Engineering 
Station 

Naval  Weapons  Laboratory 
Navy  Electronics  Laboratory 
Navy  Marine  Engineering  Laboratory 
Navy  Underwater  Sound  Laboratory 

For  a  variety  of  reasons  there  is  no  attempt  to  correlate 

such  studies,  except  on  an  individual  basis,  and  there  is  no 

central  clearing-house  of  engineering  reports.  Within  Navy 
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there  is  nothing  standard  about  the  bibliographies  that  are 
published.  Functionally  oriented  organizations  in  topically 
oriented  societies  simply  do  not  encourage  complex,  inter¬ 
disciplinary  collaboration. 

In  addition  to  such  reports,  COMOPTEVFOR  regularly  tests 
naval  materiel  (in  our  language,  components  and  subcomponents), 
in  operational  and  geographical  environments;  there  are  hun¬ 
dreds  of  reports  specifying  the  findings  of  such  evaluative 
procedures . 

Therefore,  it  seems  desirable  and  feasible  to  begin  to 
construct  a  model  of  the  applied  science,  naval  ecology,  using 
the  empirical  data  reported  in  naval  studies  such  as  those 
referred  to,  plus  studies  made  by  similar  organizations  in 
Army  and  Air  Force.  The  suggested  approach  relates  directly 
to  the  functions  and  categories  and  relationships  diagrammed 
in  Figure  7  (particularly  the  basic  data  phase)  as  well  as 
to  the  information  system  portrayed  in  Figure  10: 

Step  1.  Collect  all  available  relevant  bibliographies 
from  all  services,  and  concurrently. 

Step  2.  Select  eith'^r  all  reports  dealing  with  vehicles 
and  structures,  or  a  very  large  sample  of  all  such  reports; 
select  from  these  reports  only  those  in  which  the  relationship 
between  the  thing  reported  on  and  environment  is  stated  ver¬ 
bally  and  the  conditions  of  the  environment  producing  the 
relationship  are  in  some  sense  quantified. 
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step  3.  Extract  data  from  all  such  selected  reports, 
coding  the  data  in  a  wide  variety  of  ways;  for  example: 

*  Hierarchy  of  components  and  subcomponents 

landing  craft 

electronics  systems 
navigation 
circuitry 
transistors 
communications 
etc . 
engines 

electrical  systems 
etc. 
hull 
etc . 


*  Functional  category  or  categories  reported 

use 

test 

transport 

storage 

maintenance 


*  Operation  or  component  of  operation 


amphibious 

landing  craft 
helicopter  operations 
surveillance 
personnel  movements 
etc. 

*  Description  of  the  relationship 


corrosion 

erosion 

shorting 

fouling 

swamping 

pollution 

rusting 


traf f icability 

mobility 

habitability 
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*  Functional  outcome  of  relation,  hip 

degradation 

deterioration 

malfunction 

fatigue 

failure 

*  Environmental  situation  producing  specific  effect 

sea  state 

visibility 

soil  bearing  ratio 

slope 

humidity 

barriers 


*  Measurement  of  environmental  situation  producing 
extreme  effects: 


function  failure  or  serious  restriction 
movement  prevention  or  serious  inhibition 


*  Techniques  for  offsetting  undesirable  functional 
outcome 


application 


adaptations 


coating 
insulation 
new  materials 


air  conditioning 

treatment 

preservative 


Step  4.  Broaden  scope  to  include  all  categories  of  com¬ 
ponents  and  subcomponents  fo^  which  data  exist. 

Step  5.  Perform  machine  analyses  of  collected  data;  for 
example: 

*  Aggregate  data  by  incidence  of  (e.g.); 

Kinds  of  effects  for  major  components 
Functional  categories  reported  for  major  com¬ 
ponents 

Relationship  descriptions  for  major  components 
Functional  outcomes  by  subcomponents 
Extreme  effects  by  major  components 
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*  Analyze  data  in  a  variety  of  ways,  e.g.: 

Specifications  of  environmental  situation 
by  effects 

Specifications  of  environmental  situations 
creating  extreme  effects  major  components 

Specifications  of  environmental  situations 
creating  extreme  effects  by  operations  and 
components  of  operations 

Step  6.  Attempt  to  construct  an  empirical  model  of  naval 
ecology,  based  on  the  previous  analyses,  such  that  given  an 
operation  and  its  major  weapons  systems  components  one  can 
predict: 


Components  most  likely  to  be  affected  by  environment 
Components  most  likely  to  be  extremely  affected  by 
environment 

Step  7.  As  outcome  of  model  construction* attempt,  point 

up  areas  of  ignorance,  as  follows: 

Missing  axes  in  the  coded  data  of  Step  3,  by  com¬ 
ponents  and  subcomponents 
Components  not  reported 

Environmental  information  necessary  to  predict, 
for  example,  geographical  areas  exhibiting 
extreme  effects  for  specific  components. 


Recommendation  2.  Design  a  Prototype  Coastal 
Information  System  for  Amphibious  Qperations, 

Command  Level  Outputs 

An  information  system  can  only  be  usefully  introduced  by 
the  people  who  will  manage  it,  contribute  to  it,  and  use  it  — 
because  it  is  a  product  of  all  these  things.  This  is  the 
basic  argument  for  building  on  present  systems,  for  providing 
constant  tests  of  system  effectiveness,  and  for  carefully 
choosing  the  techniques  of  development,  system  hardware,  and 
above  all,  the  format  of  outputs. 

Our  philosophy  thus  far  has  been  to  develop  concepts  and 
structures  which  are  meaningful  to  the  present  ‘Navy.  It  is 
for  this  reason  that  we  have  sought  our  data  (for  the  systems 
analysis  we  have  undertaken)  from  the  Navy  itself.  The  major 
distinction  between  our  concepts  and  actual  Navy  practice  is 
a  distinction  between  the  way  organizations  function  and  the 
way  information  systems  function.  Information  systems,  as 
opposed  to  data  flows,  are  relatively  new  concepts.  And  the 
real  significance  of  information  systems,  we  believe,  is 
their  capability  of  increasing  organization  effectiveness 
without  necessarily  changing  organization  structures. 

In  other  words,  we  believe  a  weapons-systems  oriented 
environmental  information  system  may  do  far  more  than  improve 
decision-making  and  tystoms  operation  effectiveness;  it  can 


-  71 


create  common  goals  meaningful  to  all  functions,  and  in  doing 
this  it  can  create  a  common  language  which  will  unite  for 
more  effective  performance  the  diverse  human  elements  — 
officers,  engineers,  scientists,  administrators  —  who  make 
up  a  complex  organization  like  Navy. 

But  it  can  only  do  this  if  it  reflects  the  present  capa- 
bilitirr  outlooks  of  these  people.  Its  purpose  is  not 
to  replace  any  present  functions,  but  to  support  present 
functions  in  such  a  way  that  both  effectiveness  and  develop¬ 
ment  are  improved.  Our  suggested  approach  to  creating  a 
prototype  coastal  information  system  for  amphibious  operations 
for  command  outputs  will  therefore  be  based  on  two  analytic 
exercises  incorporating  Navy  logic  and  procedures:  one  will 
be  an  operational  monitoring  of  an  amphibious  planning  exer¬ 
cise;  the  other  will  be  a  systems  analysis  of  an  amphibious 
operation  aimed  at  establishing  sub-operation  priorities  and 
environment  sensitivity.  The  system  itself  is  based  on  the 
general  design  reported  on  the  previous  pages. 

In  this  way  we  can  be  sure  that  the  information  system 
does  not  go  beyond  the  state  of  the  art  of  amphibious  warfare 
and  that  it  does  not  contain  what  data-recipients  would  con¬ 
sider  irrelevant  data.  The  ’’new"  element  added  will  be  the 
transformation  process,  which  will  both  translate  and  marshall 
information  to  expedite  the  communication  process  amor^ 
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Navy  functions  as  these  bear  upon  amphibious  warfare  and 
its  related  weapons  systems. 

One  thing  that  must  be  kept  in  mind  is  that  no  coastal 
information  system  is  going  to  provide  all  of  the  coastal 
data  that  individuals  want.  It  is  safe  to  say  that  collection 
activities  —  across  the  whole  spectrum  of  sophistication 
from  an  orbiting  sensor  to  a  frogman's  estimate  of  wave 
heights  —  go  on  throughout  the  Navy,  in  all  functions.  This 
will  continue.  But  the  collection  syndrome  is  a  sensitivity 
to  be  built  upon,  not  a  condition  to  supercede.  In  other 
words,  a  Navy  coastal  information  system  will  perhaps  contain 
only  a  fraction  of  all  coastal  data  collected  within  the  Navv 
alone,  but  the  data  it  does  contain  should  be  high  priority, 
critical,  extremely  relevant  —  it  should,  in  fact,  be  a 
basic  resource  for  decision-making  of  a  sort  that  chows  the 
close  relationship  among  all  Navy  functions. 
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Suggested  /approach 

Essentially  four  interrelated  but  separate  work  phases 

•• 

are  planned: 

(1)  One  is  the  detailed  monitoring  of  an  amphibious 
planning  exercise,  in  which  Matrix  personnel  will  not  only 
observe,  record,  and  question, but  will  also  discuss  with  Navy 
and  Marine  counterparts  the  nature  of  every  point  in  the  exer¬ 
cise  at  which  environmental  data  arc  brought  to  bear  or  are 
not  but  should  be  brought  to  bear  in  someone's  opinion.  This 
will  acquaint  the  Matrix  team  with  the  environmental  compo¬ 
nents  of  Navy  planning  procedures  and  the  Navy-Marine  team 
will  be  sensitized  to  environment  as  a  pervasive  factor. 

(2)  A  second  is  the  analysis  of  an  amphibious  operation, 
the  two  immediate  objectives  being  (a)  to  establish  a  range 
of  priorities  for  events  and  the  weapons  systems  supporting 
those  events,  and  (b)  to  establish  critical  environmental 
parameters  for  high-priority-event  systems  (see  previous 
chapter).  These  procedures  should  limit  the  universe  of 
possible  environment-system  relationships  to  those  which  are 
really  critical  for  convnand  decisions  for  strategic  planning 
and  operations,  should  reveal  critical  areas  of  environment- 
engineering  priorities  to  development,  and  may  reveal  as 
research  guidelines  areas  of  ignorance  of  environment-weapons 
systems  relationships  or  of  basic  environmental  knowledge. 
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(3)  The  third  is  design  of  the  system,  following  the 
system  definition  of  the  previous  chapter,  which  involves 
specifying  data  outputs  to  each  of  the  four  functions  in 
terms  of  their  own  requirements,  and  in  terms  of  a  specific 
location.  This  means  providing  the  strategic  planner  with 
critical  environmental  parameters  for  high  priority  events 
in  amphibious  operations,  as  well  as  with  the  probabilities 
that  "inhibiting"  or  "preventing"  levels  of  these  parameters 
will  be  reached  at  a  specific  location  at  various  times.* 

It  means  providing  the  commander  of  an  operation  with  similar 
data  for  a  specific  location  for  some  more  limited  time 
options,  so  that  the  predictions  are  more  precise  and  pre¬ 
sumably  more  accurate.  It  means  providing  the  development  ^ 
engineer  with  information  about  the  weapons  systems  components 
which  are  both  critical  to  the  operation  and  most  environment- 
sensitive,  and  therefore  least  reliable.  It  means  providing 
test  and  evaluation  with  sets  of  significant  questions  about 
system  components,  questions  which  cannot  be  answered  with 
current  knowledge.  It  means  providing  research  with  similar 
questions  —  about  the  incidence  of  environmental  conditions. 


*It  may  also  be  possible,  although  probably  not  in  the  course 
of  this  study,  to  provide  a  decision-making  matrix  for  the  likely 
situations  in  which  there  is  no  straightforward  "go-no  go"  con¬ 
dition,  but  rather  a  mix  of  different  levels  of  environmental 
impact  upon  various  aspects  of  the  operation;  for  example^:,  there 
may  be  a  serioxis  inhibition  of  supporting  air  operations  but 
ideal  sea  state  for  amphibious  landings,  and  these  are  the 
marginal  decision-making  situations  in  which  some  objective  help 
is  ureful. 
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about  the  predictability  of  certain  environmental  factors, 
about  the  interrelationships  of  environmental  processes, 
etc.  —  which  cannot  be  answered  with  current  knowledge  and 
which  relate  directly  to  high  priority  events  in  amphibious 
operations. 

The  process  of  translating  environmental  data  into  infor¬ 
mation  outputs  such  as  these  and  directing  them  to  the  proper 
recipient  is  a  significant  part  of  the  transformation  process. 

The  chief  task  of  this  work  phase  will  be  to  create  a  process 
of  translating  data  in  ways  which  hopefully  can  be  duplicated 
by  computer  programs.  A  subordinate  task  will  be  to  identify 
data  sources  which  can  currently  be  used  as  inputs,  as  well 
as  requirements  for  other  data  sources  which  do  not  now  exist. 

(4)  The  fourth  is  system  evaluation. 

The  entire  process  is  aimed  at  demonstrating  that  it  is 
possible  to  create  a  manageable  system  which  provides  only 
high  priority  data  in  a  translated  form  of  immediate  relevance 
to  its  recipients,  a  system  which  at  the  same  time  provides 
different  Navy  functions  with  an  additional  common  basis  for 
interacting  —  i.e.,  the  environment-weapons  system  relationship. 

The  prototype  will  apply  to  only  one  operation  in  one 
location  for  command  outputs  alone.  Thus  it  is  only  a  small 
beginning.  However,  even  this  beginning  will  be  designed 
selectively  to  provide  data  for  only  critical  events  and  envi¬ 
ronment-sensitive  system  components  used  in  those  events.  Thus 
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the  system  will  be  designed  to  meet  urgent  requirements  at 
the  outset  and  to  establish  priorities  for  decision-making  in 
the  various  functional  areas  it  serves.  Its  overall  priority 
depends  only  on  the  importance  the  Navy  attaches  to  amphibious 
operations  as  compared  with  other  types  of  operations . 

Work  Phase  1.  Monitoring-  a  Simulated 
Amphibious  Operation 

It  is  the  basic  purpose  of  this  work  phase  to  examine  the 
information  flow  processes  during  the  development  and  simulated 
execution  of  an  amphibious  operation  to  determine  current  prac¬ 
tice  regarding  the  use  of  environmental  data.  The  monitoring 
process  is  used  to  establish:  1)  the  form,  content, and  signif¬ 
icance  of  required  environmental  inputs  to  planning,  2)  the 
identity  and  functional  relationships  of  filter  sources  to  the 
planning  organization,  3)  the  synthetic  processes  required  of 
filter  sources  and  their  rationale  for  data  reduction  and 
interpretation,  and  4)  the  data  sources  upon  which  filter 
sources  rely  and  the  forms  in  which  data  are  transmitted  to 
them,  all  of  which  concepts  were  developed  this  past  year. 

These  things  are  to  be  achieved  by  means  of  the  following 
work  steps,  which  are  stated  here  in  great  detail  inasmuch  as 
this  technique  has  not  been  used  in  previous  phases  of  the 
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Coastal  Information  Project: 

(1)  The  Navy  and/or  Marine  Corps  initiates  a  planning 
program  for  a  typical  operation  and  Matrix  personnel  monitor 
the  planning  operations. 

(a)  Determine  the  planning  staff  composition: 

i)  By  coiranand  relationships, 
ii)  By  function  within  the  command. 

(b)  Assign  Matrix  staff  members: 

i)  As  counterparts  to  those  planning  staff 
members  whose  functions  particularly  re¬ 
late  to  environment. 

ii)  As  a  counterpart  of  the  decision  level. 

(2)  In  those  areas  of  the  planning  and  simulated  execution 
of  the  operation  relating  to  the  coastal  environment,  Matrix 
monitors  have  access  to  the  number  of  environmental  parameters, 
the  form  in  which  the  information  is  supplied  to  the  planning 
oirganization,  the  method  of  information  transmittal,  the  origin 
of  the  information,  and  the  time  sequencing  of  information  flow 
to  the  planners. 

(a)  Establish  Matrix  participation  ground  rules  to 
the  operation  to  allow: 

i)  Interruption  of  the  activity  to  examine 
the  environmental  parameters  made  use  of 
in  the  operation.  The  interruptions  allow 


Matrix  counterparts  to  record; 
o  Nature  of  requirement  from  planning, 
o  Origin  of  requirement  from  planning, 
o  Form  of  requirement  from  planning, 
o  Chronology  of  requirement  from  planning, 
o  Information  source  used, 
o  Time  duration  between  request  and 
response. 

o  Form  of  response, 
o  Content  of  response. 

o  Their  (and  their  operations  counterpart's 

judgments  of  the  respon'se  into  the  plan¬ 
ning  operation. 

o  The  judged  adequacy  of  the  response  by 
their  planning  counterparts: 

(If  adequate.  Why?) 

(If  inadequate.  Why?) 

o  The  relevance  of  the  information  to  the 
plan  as  judged  by  its  use  in  tlie  plan 
and/or  the  judgment  of  counteri^arts . 
o  The  significance  placed  upon  the  infor¬ 
mation  at  the  decision  level, 
ii)  Recording  the  chronology  of  events  in  the 
overall  planning  and  simulated  execution 
of  the  operation. 
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(3)  In  addition  to  monitoring  the  planning  and  execution 
processes.  Matrix  staff  examines  jointly  with  the  Navy /Marine 
Corps  planning  staff: 

(a)  The  relevance  of  the  requested  information  to 
the  operation. 

(b)  The  usefulness  of  the  information  in  the  form 
delivered  to  the  operations  planning  group. 

(c)  Those  areas  relating  to  environmental  parameters 
which  would  be  useful,  perhaps  crucial,  to  the 
operation  but  which  currently  are  not  available 
or  might  never  be  available  to  planning. 

(4)  Following  the  exercise  Matrix  examines  the  infor¬ 
mation  inputs  into  the  operation  to  establish: 

(a)  The  information  inputs  of  the  planning-execution 
exercise. 

(b)  The  input  information  used  in  the  planning- 
execution  exercise. 

(c)  The  input  information  that  may  not  have  been 
used  for  reasons  of: 

i)  Irrelevance 

ii)  Delivery  in  unusable  form 

iii)  Untimely  receipt  of  information 

iv)  Other 

(d)  The  information  of  use  and  critical  to  the 
planning-execution  of  an  operation  as  conducted. 
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(e)  Estimates  of  the  time  sequencing  of  information 
input  requirements. 

(f)  Estimates  of  the  adequacy  of  form  and  content 
of  current  input  information. 

(g)  Conceptualized  computer-assisted  input  systems 
to  the  planning  and  execution  efforts. 

(5)  Examine  the  information  filters  between  the  planning 
and  execution  levels  and  data  acquisition  for: 

(a)  The  determination  of  data  sources  used  in  their 
activities . 

(b)  The  form  of  the  data  or  information  which  they 
use  (i.e.,  raw  data,  semi-processed,  processed 
and  interpreted)  in  the  filter  process. 

(c)  The  synthetic  processes  used  in  providing  infor¬ 
mation  to  the  planning  and  execution  levels  of 
use. 

(d)  The  quantities  and  types  of  information  and 
data  gathered. 

(e)  The  quantities  and  types  used  In  the  synthesis. 

(f)  The  types  of  operations  to  which  they  provide 
inputs  —  if  more  than  one. 

(g)  The  suitability  of  current  information  inputs 
into  their  filtr^r  system. 


(6)  Examine  the  data  sources  utilized  in  the  operation 
to; 

(a)  Determine  estimates  of  reliability  of  sources. 

(b)  Establis-h  whether  alternate  or  more  extensive 
pertinent  data  might  be  available  from  other 
sources . 

(c)  The  time  requirement  between  data  collection 
and  transmittal  to  filter  sources. 

(d)  Conceptualize  computer-assisted  data  trans¬ 
mission  to  filter  sources  (which  may  become 
a  computer  activity) . 

(7)  Conceptualize  a  computer- as  sis  ted  prograrii  from  data 
collection  to  the  planning-execution  level. 

Work  Phase  2.  Systems  Analysis  of  Amphibious  Operation 

It  will  be  useful  to  think  of  an  amphibious  operation  as  a 
system  the  output  of  which  is  attainment  of  a  stated  mission. 

The  mission,  which  Is  a  very  general  statement  of  accomplishment, 
can  be  broken  down  into  more  discrete  components:  mission  into 
supporting  goals,  goals  into  supporting  objectives,  objectives 
into  required  events  or  activities  (the  transformation  process), 
activities  into  weapons  systems  components,  or  mon-machine- 
materiel  combinations  (the  inputs) .  The  analysis  will  bo  based 
upon  Na\'y-Marine  perceptions  of  such  an  operation,  and  it  will 


-  02  - 


provide  nothing  ne\7  except  that  it  will  structure  and  specify 
the  logic  of  the  relationships  of  people,  materiel,  activities 
and  achievements. 

This  arrangement  will  enable  experienced  people  to  make 
better  judgments  about,  for  example,  the  priorities  of  activ¬ 
ities  with  respect  to  mission  fulfillment.  It  will  enable 
Matrix  personnel,  who  are  well  acquainted  with  known  data  on 
environmental  impact  on  men  and  materiel,  to  select  critical 
components  to  identify  in  some  range  of  environment-sensitive 
priorities.  In  effect,  the  objective  of  this  phase  is  simply 
to  reduce  the  complexity  of  environment-amphibious  operations 
relationships  to  their  most  basic  factors. 

The  steps  involved  are: 

(1)  Analyze  anphibious  operations.  Ask  experienced 
officers  to  review  and  criticize  analysis.  Ask  same  officers 
to  assign  priority  system  (1,  2,  3)  to  each  level  of  system 
outputs  and  to  each  activity  package. 

(2)  Identify  environmental  parameters  for  all  weapons 
systems  conponents  involved  in  high  priority  (1)  activities. 

(3)  Classify  conponents  according  to  sensitivity  to 
environmental  effects:  i.e.,  those  >diich  are  prevented  by 
scsne  environmental  condition  of  low-to-roedium  frequency  of 
occurrence  or  those  which  are  inhibited  lay  some  environmental 
condition  of  high  frequency  of  occurrence. 
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Work  Phase  3.  Designing  a  Coastal  Information 


System  for  Command  Outputs 

Working  out  the  ecology  of  system  components  for  a  specific 
location  will  require  the  following  steps: 

(1)  Analyze  environment-component  relationship:  set 
"prevent"  and  "inhibit"  conditions  if  possible. 

(2)  On  the  basis  of  above  analysis,  provide  strategic 
planning  outputs  indicating  probability  of  encountering  "prevent" 
or  "inhibit"  conditions  at  various  times,  indicating  basis  for 
making  such  judgments  from  data  so  translated. 

(3)  Where  infoirmation  deficiencies  exist  in  either  (1) 
or  (2),  indicate  type;  e.g.,  nature  of  impact  relationship, 
basic  data,  etc. 

(4)  For  all  "prevent"  or  "inhibit"  conditions  for  some 
specific  time  period  (e.g.,  two  weeks),  provide  operations 
outputs  indicating  probability  of  existence  of  such  conditions, 
indicating  basis  for  making  such  judgments  from  data  so  trans¬ 
lated. 

(5)  Provide  develoimient  outputs  of  following  types; 
all  critical  con^nents  with  high  environmental  sensitivity; 
all  areas  of  ignorance  of  environmental  i]ig>act  relationships. 

(6)  Provide  development  outputs  (test  and  evaluation) 

with  all  known  relationships  and  specific  "prevent"  tad  "inhibit" 
conditions. 
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(7)  Provide  research  with  all  translation  procedures, 
particularly  those  which  involve  excessive  extrapolation  or 
interpolation  and  those  with  low  reliability  quotients  (particu 
larly  some  aspects  of  prediction) ;  also  provide  all  required 
new  forms  of  data  (not  routinely  collected) ,  which  may  either 
have  to  be  inferred  from  present,  related  data  or  collected  in 
appropriate  form;  also  provide  all  relationship  proble.i.s. 

(8)  Decide  on  appropriate  foxrmat  and  Icuiguage  for  all 
outputs  (2,  4,  5,  6,  7)  with  recipients. 

(9)  Specify  data  sources  to  be  used  on  a  regular  basis. 

(10)  Briefly  evaluate  programming  complexity  and  other 

problems  involved  in  automating  such  a  system. 

Work  Phase  4.  Evaluation  of  Prototype  System 

Once  the  coastal  information  system  for  cortrtand  outputs, 
anphibious  operations,  has  been  created,  it  must  be  evaluated 
at  input,  transformation,  and  output  levels  to  determine 
feasibility,  acceptance,  cost  and  time  factors,  etc.  The 
following  steps  arc  involved: 

(1)  Define  in  detail  all  required  input  data: 

(a)  Definition:  units  of  measxire,  meaning,  signif¬ 
icance,  and  illustrative  examples. 

(b)  Derivation:  identification  at  lowest  level  and 
process  of  development  from  the  lowest  level. 

(c)  Source:  where  data  are  now  stored  and  how 
currently  collected. 
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(d)  Format:  in  what  fona  data  are  stored,  i.e., 
digital,  microfilm,  written  text,  r  aps, 
tables,  etc. 

(e)  Quantity:  how  much  information  is  available 
and  what  coasts  in  the  world  are  covered. 

(2)  Analyze  data  list  and  formulate  for  fe  ibility 
tests.  Determine  basic  data  characteristics  such  as:  maximum 
nvunber  of  digits  to  describe;  location  reference  coordinates 
required;  general  priorities  during  Strategic  Planning,  Opera¬ 
tions,  Weapons  System  Des ‘ ^  and  Development,  and  Research; 
minimum  processing  required  under  various  system  concepts; 
accuracy  and  validity  under  initial  conditions  and  under  up¬ 
date  or  system  maintenance  conditions?  quantities  per  coastal 
description  unit  (mile  of  coastline,  unit  depth  of  water,  etc.). 

(3)  Define  in  detail  all  translation  procedures: 

(a)  Prediction  systems. 

(b)  Probability  statements. 

(c)  Inference  of  “inhibit”  or  "prevent"  situations 
from  data. 

(d)  Statistical  trc>atr>ent  of  data. 

(e)  Feedback  procedures:  areas  of  ignorance,  of 
excessive  environmental  sensitivity,  etc. 

(4)  Analyze  feasibility  of  data  base  structure  and  com¬ 
puter  application.  At  a  relatively  high  functional  level 
simulate  operation  of  a  system  —  coR^uter  and  data  base 
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aspects  —  charactei.'ized  ky  data  as  defined  in  (1)/  (2)  and 

(3)  above.  The  objectives  of  the  exercise  are  exploratory; 
to  identify  problem  areas  or  weaknesses,  to  determine  nr  ad 
for  modification  or  expansion  of  basic  concepts,  and  to  pro¬ 
vide  guidance  for  parallel  and  future  development  efforts. 
Manual,  or  rather  informal,  simulation  is  therefore  indicated 
using  the  experience  gained  in  Work  Phase  1. 

(5)  Because  the  most  appropriate  evaluation  probably 
comes  from  a  careful  investigation  of  the  data  packages  by 
representative  users,  it  is  suggested  that  appropriate  users 
not  only  be  given  the  packages  but  also  a  thorough  briefing 
on  how  they  were  designed,  be fore  they  are  put  in  final  form 
for  a  report.  Thus  any  failures  to  judge  correctly  the  users’ 
acceptance  or  rejection  of  such  data  can  be  corrected. 
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SUI-IMARY  OF  TO’i'AL  PROJECT:  PHASES  I  AND  IT 


The  objective  of  this  project  was  to  design  a  coastal 
information  system  responsive  to  Navy  needs.  The  project 
started  two  years  ago.  The  first  year  was  devoted  largely 
to  an  attempt  to  determine  outputs  (requirements)  of  such  a 
system,  and  was  reported  on  in  October  1968  (DESIGN  OF  A 
COMPUTER- AS SIS TED  COASTAL  INFORMATION  SYSTEM:  PHASE  I. 
OUTPUT  STRUCTURE) .  In  the  course  of  investigating  what  the 
Navy  thought  were  its  needs  for  coastal  information,  we  dis¬ 
covered  that  the  appreciation  of  environmental  impact  is 
about  as  random  in  Navy  as  it  was  several  years  ago  when  we 
studied  Navy  logistics  in  this  context  (ENVIRONMENT  AND 
LOGISTICS,  November  1955).  It  was  obvious  that  we  were  not 
going  to  get  very  concrete  answers  about  requirements  unless 
we  put  the  question  in  a  very  cogent  and  relevant  fashion. 
This  meant  developing  some  framework  within  which  to  infer 
requirements,  and 

The  basic  objective  of  the  project  as  it  devel¬ 
oped  was  to  sketch  the  overall  coastal  information 
system  as  it  looks  at  the  moment,  identify  the  prob¬ 
lems,  constraints,  and  prospects  which  face  the 
system,  and  within  this  framework  make  a  more  precise 
statement  of  Navy  requirements  in  the  format  of  an 
output  structure.  (Phase  I,  p.  2) 

Our  conclusions  at  the  end  of  the  first  year  were  that 
the  next  steps  were  to  investigate  Navy  information  flow 
processes  as  these  involved  environmental  data,  and  con¬ 
currently  to  examine  the  coantal  information  requirements  of 
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the  research  function.  In  other  words,  we  were  still  con¬ 
cerned  with  outputs  (requirements),  but  now  much  more  in 
terms  of  the  bases  for  such  needs  instead  of  the  recognition 
by  users  of  those  needs.  In  the  process  of  doing  these 
things  we  have  looked  —  somewhat  incidentally  —  at  the 
significance  to  Navy  of  environmental  impact;  we  have  queried 
naval  laboratory  personnel  on  their  use  of  environmental  data 
in  weapons  systems  development.  We  have  investigated  at  the 
same  time  the  ecology  of  naval  activities,  in  an  effort  to 
determine  how  needs  for  environmental  data,  and  translation  of 
such  data  to  meet  those  needs,  might  best  be  satisfied.  We 
believe  we  know  how  to  develop  the  ecological  model  for  such 
a  system  —  in  effect,  putting  the  integrated  picture  of 
naval  environments  together  in  such  a  way  that  all  users  can 
see  their  requirements  as  they  relate  to  the  requirements  of 
others.  We  believe  we  know  how  to  introduce  and  develop 
such  a  system  in  such  a  way  that  it  will  be  a  Navy  product, 
not  a  consultant's  dre^.  And  these  are  our  two  recommenda¬ 
tions  for  further  work. 

Because  the  work  of  the  past  two  years  is  a  continuous 
research  effort,  and  because  t,.  eaders  of  this  report 
might  not  easily  have  access  to  the  previous  report,  we  have 
attempted  to  summarize  the  total  project  in  the  relatively 
few  pages  of  this  summary.  This  is  not  intended  to  be  an 
abstract  of  both  final  reports.  There  is  an  abstract  for 
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each.  It  is,  intended  to  be  a  description  of  our  objectives 
and  our  efforts,  plus  a  self-evaluation  of  progress.  There¬ 
fore,  it  is  organized  in  the  form  of  answers  to  three  questions 
that  anyone  interested  might  ask  us  personally  about  the  work. 


Answers  to  Basic  Questions 

The  work  on  the  first  two  study  phases  can  perhaps  best 
be  summarized  by  attempting  to  answer  three  obvious  questions: 
(1)  Why  undertake  a  project  to  develop  a  geographical  data 
system  which  is  potentially  so  large  and  complex?  (2)  Why  use 
the  systems  approach  in  this  undertaking?  and  (3)  Has  any  con¬ 
crete  progress  been  made? 

Why  a  geographical  data  system?  There  are  two  answers  to 
this  question,  both  equally  important.  Note  the  use  of  the 
word  "system",  implying  that  the  objective  is  not  to  create  a 
data  "bank"  for  storing  and  retrieval  of  raw  data*,  but  rather 


*  Coastal  information  can  be  taken  to  mean  any  data  which  can 
be  identified  as  applying  to  some  specific  coast  or  coastal 
location.  Such  information  is  geographical  because  it  has  a 
location  or  space  component.  Geographical  information  is 
almost  limitless.  It  includes  information  about  coastal  waters, 
the  physical  coast  and  the  atrftosphere  above  it,  the  man-made 
structures  which  occur  on  or  off  the  coast,  and  the  people 
who  occupy  the  coast.  Such  information  is  the  raw  material  of 
many  sciences?  it  is  structured  and  classified  in  a  wide 
variety  of  ways  for  a  wide  variety  of  purposes,  and  it  is 
available  in  a  wide  variety  of  forms. 

In  its  present  form,  coastal  information  is  not  an  infor¬ 
mation  system.  It  is  a  complex  of  subsystems  each  meeting 
different  requirements.  For  example,  coastal  navigation 
charts,  warning  and  identification  devices,  together  with  such 
data  collection  devices  as  radar  and  sonar,  could  be  called  a 
coastal  navigation  information  system  —  and  a  highly  useful 
one.  Or  data  classified  in  such  a  way  as  to  identify  and 


to  create  an  information  process  which  accepts  specified  raw 
data  and  transforms  them  into  data  specifically  tailored  to 
the  requirements  of  various  users. 

(1)  To  transform  geographical  (environmental)  data  in 
such  a  way  it  is  necessary  to  understand  how  the  environment 
interacts  with  men's  activities.  This  is  human  ecology,  one 
of  the  least  studied  "disciplines"  in  the  contemporary  scien¬ 
tific  roster,  yet  unquestionably  one  of  the  most  important  to 
man's  survival.  ONR's  interest  in  "coastal  information"  pro¬ 
vides  the  opportunity  to  study  naval  ecology,  which  is  differ¬ 
ent  only  in  general  objective  from  human  ecology.  While  most 
of  the  Navy's  missions  involve  deployment  of  some  sort  of 
weapons  system,  the  bulk  of  the  activities  and  materiel  in¬ 
volved  in  many  non-naval  activities,  especially  when  one 
abstracts  the  nature  of  the  activity  —  e.g.,  movement,  obser¬ 
vation,  etc.  Thus  the  opportunity  to  study  the  interrelation¬ 
ships  between  environment  and  given  sets  of  men's  activities 
is  inherent  in  the  problem  of  designing  an  information  system, 
and  there  is  no  relationship  more  fraught  with  both  danger  and 
opportunity  in  the  present  technological  era:  it  is,  in  other 

differentiate  coasts  on  the  basis  of  coastal  processes  could 
be  called  a  coastal  geomorphology  information  sub-system. 

The  term  coastal  is  a  construct,  the  boundaries  and 
nature  of  which  are  not  currently  definitive  but  are  a  function 
of  the  collection  and  the  use  of  data.  In  this  study,  coastal 
information  is  treated  as  a  sub-set  of  the  universe  of  geo¬ 
graphical  data  of  interest  to  the  Navy. 


words,  very  much  worth  investigating,  both  for  the  Navy 
and  for  mankind. 

(2)  One  of  the  major  concerns  of  the  world  today  is 
communicating  information  effectively.  As  research  has  pro¬ 
liferated  in  the  post-World  War  II  era,  the  amount  of  new 
information  has  greatly  exceeded  the  capacity  of  present 
communications  systems  to  provide  people  with  the  data  they 
could  use  if  they  knew  about  them.  This  is  called  the  era  of 
the  computer  because  that  device  has  the  potential,  at  least, 
to  help  solve  the  problem.  But  too  often  the  computer  is  used 
simply  to  store  large  amounts  of  information;  an  analogy  would 
be  hitching  a  horse  to  a  modern  automobile.  The  computer  can 
be  most  useful  if  it  is  used  not  to  store  and  regurgitate  raw 
data  but  instead  can  take  the  raw  data  and  transform  them  into 
much  more  useful  outputs.  This  general  problem  has  plaguea 
chemistry,  in  particular,  because  the  discovery  and  use  of  new 
compounds  and  processes  is  a  very  large  business.  In  a  less 
obvious  way,  but  in  a  way  that  is  now  becoming  more  and  more 
apparent,  the  problem  is  plaguing  all  of  the  activities  which 
involve  a  real  knowledge  of  the  interplay  of  environment  and 
human  behavior  —  city  planning,  development  planning,  strategic 
planning,  military  intelligence,  etc.  The  fact  that  geographical 
data  are  so  vast,  encompassing  so  many  different  disciplines, 
and  that  human  behavior  in  its  many  manifestations  is  equally 


vast  and  encompassing,  has  discouraged  the  kind  of  inter¬ 
disciplinary  effort  that  is  necessary  if  a  geographical  data 
system  is  to  be  conceived. 

And  there  are  certainly  problems  to  be  solved  before  a 
system  is  created.  These  were  svmimarized  in  our  previous 
report  as  follows: 

(1)  User-oriented  problems.  The  major  human 
problems  v/hich  affect  the  effectiveness  of  an  out¬ 
put  structure  have  been  discussed: 

(a)  Perhaps  the  single  most  important 
problem  in  the  development  of  a  geographical  infor¬ 
mation  system  (military  intelligence,  urban  and 
regional  planning,  tax  assessment,  etc.)  is  the 
problem  of  involving  the  user  in  the  .development  of 
the  system.  To  be  involved  appropriately,  he  must 
have  some  real  appreciation  of  the  rules  governing 
the  operation  of  the  system;  he  must  be  able  to 
state  his  requirements  for  such  information;  he 
must  be  willing  to  submit  to  the  rigors  and  con¬ 
straints  of  establishing  informational  priorities; 
and  he  must  have  some  comprehension  of  how  the  tran.s- 
formation  system  works  and  what  its  language  is. 

(b)  The  user  must  use  the  system 
"properly".  He  must  learn  to  ask  questions  in 
operational  terms  and  expect  answers  in  tho.se  terms. 

If,  as  so  often  happens,  he  asks  for  the  answer 
plus  the  supporting  data,  like  the  commander  who 
wants  to  look  at  the  wcatlier  chart  before  he  accepts 
his  aerologist's  advice,  the  system  will  not  work. 

(This  explains  the  emphasis  on  "levels  of  speci¬ 
ficity".) 

(2)  Data  processor-oriented  problems.  The 
world  of  geographical  data  processing  is  a  complex 
world  of  processing  and  reprocessing.  Gcoov-phical 
data  which  have  been  collected  in  verbal,  analog, 
digital,  and  visual  formats  arc  summarized  in  visual, 
analog,  digital,  and  verbal  formats;  they  are  summa¬ 
rized  in  terms  of  hourly,  daily,  monthly,  and  annual 
time  units,  and  they  are  summarized  in  terms  of 
every  size  and  ahape  of  areal  unit  imaginable;  they 
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are  generalized  in  the  form  of  principles  of  cause- 
effect  relationships;  and  they  are  mixed  with  other 
kinds  of  data  in  varying  proportions  and  summarized 
again  for  varying  purposes.  This  is  a  very  normal 
condition,  because  so  many  people  are  interested  in 
so  many  different  aspects  and  uses  of  geographical 
data.  (An  analoguous  situation  might  be  a  telephone 
system  for  which  the  directories  were  put  out  for  — 
and  by  —  classes  of  customers  on  the  basis  of  the 
major  uses  of  the  telephones  and  geographical  distri¬ 
bution,  with  no  capability  of  pulling  all  the  direc¬ 
tories  together  into  one.)  It  creates  serious  prob¬ 
lems  for  the  data  processor.  Caught  between  an  array 
of  some  ultimate  information  users  and  a  wide  vari¬ 
ety  of  raw-  or  processed-data  suppliers,  he  finds 
himself  constantly  trying  to  interpret  statements 
of  requirements,  understand  the  language  and  format 
of  many  kinds  of  data,  and  develop  a  program  which  is 
not  only  compatible  with  requirements  and  data  inputs, 
but  also  with  the  hardware  available  to  him  and  his 
experience.  As  a  result,  he  introduces  these  p::ob- 
lems  into  the  system. 

(a)  Programming  problems,  which  can  be 
interpreted  as  great  investments  of  time  and  money 
in  the  process  of  mutually  educating  user  and  data- 
processor  to  each  others*  needs.  Cost  and  time  con¬ 
straints,  or  the  inability  of  the  data  processor  to 
understand  the  problem,  lead  more  and  more  to  the 
use  of  developed  (canned)  programs  which  may  meet 
the  user's  needs  only  peripherally. 

(b)  Output  format  problems,  in  which  the 
answers  are  in  a  form  not  intelligible  to  the  user 
without  considerable  effort  or  further  education. 

This  is  one  of  the  most  comnon  problems  of  users  of 
geographical  information,  and  it  is  a  major  obstacle 
in  the  way  of  greater  use  of  computer-assisted  sys¬ 
tems  . 

(3)  Data  collector-oriented  problena.  It  used 
to  be  almost  entirely  the  case  that  when  a  single 
scientist  collected  geographical  data  for  a  study 
he  only  published  the  relevant,  synthesized  data; 
the  rest  was  effectively  "lost".  (There  is  a  grow¬ 
ing  tendency  for  the  individual  scientist,  supported 
by  an  institution,  to  submit  all  of  his  data  to  the 
institution  for  storage.)  Geographical  data  col¬ 
lection  of  many  typos  has  been  institutionalized  for 
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a  long  while  (Weather  Bureau,  Geological  Survey, 
etc.),  and  has  even  been  focused  by  many  collectors 
in  such  efforts  as  that  of  the  international  geo¬ 
physical  "year".  Institutionalization  is  of  many 
types:  it  may  focus  on  collection  as  a  basis  for 
producing  some  required  output  (weather  predictions, 
geologic  and  topographic  maps),  or  it  may  simply 
focus,  nowadays,  on  collection  to  serve  a  hetero¬ 
geneous  market  of  potential  users.  Two  problems 
eurise  from  this  situation: 

(a)  The  data  collector  who  has  a  "product” 
in  mind  obviously  collects  data  in  terms  of  that 
product  —  or  should.  This  is  proper:  requirements 
determine  the  inputs.  Such  data  are  not  necessarily 
in  a  form  appropriate  to  the  requirements  of  other 
users.  But  they  are  very  often  used  anyhow,  for  the 
very  good  reason  that  the  costs  of  collecting  geo¬ 
graphical  information  can  be  staggering.  There  is 
a  growing  conviction  —  among  scientists,  accountants, 
planners,  etc.  ~  that  sophistication  in  the  tech¬ 
niques  of  sampling  have  outmoded  such  data  "manipu¬ 
lation"  . 


(b)  The  data  collector  who  does  not  have 
a  "product"  in  mind  is  in  trouble:  he  will  neces¬ 
sarily  concentrate  on  the  means  without  knowing  his 
end.  One  result  has  been,  in  the  moder.i  era,  a  pro¬ 
fusion  of  sensor-collected  data  which  do  not  fit 
anyone's  specific  requirements. 

Why  the  systems  approach?  There  are  many  distinct  tech¬ 
niques  referred  to  as  systems  analysis,  some  of  which  aro 
extremely  formal.  In  this  study,  the  terms  "inputs"  and 
"outputs"  have  been  used  to  define  the  boundaries  of  a  dis¬ 
crete  information  system  —  specifically  coastal  information 
packaged  to  meet  Navy  requirements.  Systems  logic  suggests 
that  if  requirements  can  be  specified  it  is  then  possible  to 
define  the  necessary  data  packages:  in  other  words,  if  one 
knows  what  questions  are  being  asked,  one  can  define  the  form 
the  answers  ought  to  take.  Knowing  the  form  the  answers  must 
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take,  one  can  identify  the  processes  of  producing  those 
answers  (the  transformation  process),  and  this  in  turn  begins 
to  identify  the  form  of  information  inputs  to  the  system.  Put 
another  way,  one  then  has  some  very  definite  notions  about 
what  must  be  done  to  attain  those  goals  and  objectives.  This 
technique  of  working  backwards  ("Give  me  the  answer,  and  I'll 
tell  you  the  question")  has  proved  to  be  an  extremely  useful 
way  of  thinking  about  complex  processes.  It  is  this  general 
technique  and  logic  that  has  been  applied. 

However,  the  application  of  this  technique  is  perhaps  not 
as  neat  and  tidy  as  one  might  expect,  and. the  reason  it  is  not 
is  relevant  to  an  understanding  of  what  is  being  attempted. 
Specifically,  what  is  being  done  hero  is  strictly  speaking 
neither  research,  which  might  in  this  context  be  defined  as 
developing  the  concepts  basic  to  such  an  information  system, 
nor  development,  which  might  be  defined  as  putting  a  system  in 
operation  by  some  specified  date.  Ratl^er,  it  is  applied  re¬ 
search,  which  might  bo  defined  as  attempting  to  develop  the 
format  of  a  system  which  not  only  works  but  whose  implemen¬ 
tation  is  feasible. 

Our  approach  has  therefore  been  a  mix  of  theory  and  prag¬ 
matism  —  an  opportunistic  effort  to  fit  our  systems  analysis 
procedures  to  the  statu  of  the  art  of  naval  ecology.  We 
attempted  to  specify  the  kinds  of  data  needed  as  outputs  of 
the  system,  but  we  found  that  potential  users  jf  such  n  system 
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had  not  themselves  thought  much  beyond  current  weather  and  sea 
surface  forecasts,  if  in  fact  they  had  thought  that  far.  We 
then  attempted  to  look  back  into  the  system  itself  to  learn 
if  we  could  why  the  effect  of  environment  on  naval  operations 
had  been  so  little  systematized.  Within  the  system  —  in  the 
so-called  transformation  process  —  we  found  bits  and  pieces 
of  a  formal  process,  but  large  parts  of  the  structure  were 
missing.  We  found: 


that  a  great  man/  geographical  information  systems 
and  subsystems  are  already  in  existence  —  within 
Navy,  within  the  Federal  government,  and  outside 
government.  It  is  probably  true,  although  this  has 
not  been  investigated,  that  the  greatest  effort  and 
the  greatest  complexity  and  confusion  characterize 
the  area  of  inputs,  i.e.,  data  collection.  It  seems 
apparent  that  the  greatest  need  is  in  the  area  of 
outputs,  and  here  the  effort  appears  to  be  least. 

If  these  qeneralizatiors  are  reasonably  true,  then 
the  most  immediate  potential  source  of  improveiftent 
lies  in  the  transformation  process. 

Although  transformation  and  outputs  are  entirely 
within  Navy  jurisdiction  and  control,  the  institu¬ 
tionalization  of  various  processes  which  in  one  form 
or  another  involve  collection,  processing,  use,  and 
distribution  of  coastal  data  has  made  it  necessary 
for  Navy  to  accept  data  from  outside  Uic  system. 

Those  corns  as  directiver;  or  as  a  result  of  shopping 
around  for  information  within  the  Navy,  within  the 
Department  of  Defense,  v.»ithin  the  ron-military  agen¬ 
cies  of  the  Federal  governroont,  and  outside  govern¬ 
ment  entirely  in  some  instances. 

The  information  gathered  froii  these  varied 
sources  may  bo  in  the  focm  of  relatively  "raw"  geo¬ 
graphic  data,  or  it  may  already  have  been  piTOcessed. 
in  a  variety  of  ways:  o.u,,  synthesized  and  summa¬ 
rized  geographical  data  Jmoan  monthly  tomperatvsves, 
soi^  maps);  pripcirleo  defining  relationships 
rainfall  on  y  soil  «  mud  type  z) :  geographical 


data  combined  v/ith  other  forms  of  data  (clothing 
allowances  for  a  particular  climate) ;  such  synthe¬ 
sized  data  translated  into  operational  statements 
(map  shov/ing  landing  beaches);  or  '.v  n  eventually 
into  "yes"  or  "no"  answers  to  operational  questions. 

This  information  is  not  defined  as  part  of 
what  has  been  described  as  the  inputs  structure. 

Instead,  it  is  part  of  the  transformation  process 
and  rarely  in  "final"  form  for  use  in  making  command 
and  support  decisions.  It  is  not,  in  other  words, 
the  kind  of  information  that  would  be  in  an  output 
structure  if  there  were  one.  It  is  the  kind  of 
partially  processed  information  presently  provided 
to  answer  the  kinds  of  questions  that  are  being 
asked,  supporting  the  decisions  that  are  being  made. 

The  transfer  of  this  information  to  an  output 
structure  cannot  be  described,  except  in  an  extremely 
fragmented  fashion,  because  there  is  no  formal  out¬ 
put  structure.  There  can,  of  course,  be  no  formal 
source  structure  if  there  is  no  output  structure. 

To  analyze  the  data  flows  and  the  processes  by  which 
they  are  generated,  it  will  be  necessary  to  impose 
some  kind  of  pragmatic,  conceptual,  organizational 
framework  upon  transformation  processes  and  output 
structure. 

The  purpose  in  doing  this  is  to  be  able  to  make 
some  generalizations  about  the  transformation  pro¬ 
cesses  prosentrlv  at  work  and  to  what  extent  they 
appear  to  be  equivalent  to  requirements.  It  is  a 
reasonable  assumption  that  the  points  at  which  the 
"real"  system  and  the  "ideal”  system  do  not  match 
are  points  about  which  some  management  decisions 
can  usefully  be  made. 

In  other  words,  our  approach  was  pragmatically  concep¬ 
tual.  We  knew  that  it  was  worse  than  useless,  even  if  possible, 
to  tell  potential  users  what  data  outputs  they  needed.  We 
therefore  decided  to  erect  as  muc)i  of  an  ideal  (theoretical) 
system  as  we  could  and  compare  it  with  as  much  of  the  real 
system  as  we  could  identify.  Our  emphasis  was  still  on  outputs, 
but  we  looked  back  into  the  system  as  much  as  we  felt  was 


necessary  to  rationalize  the  “real"  and  the  "ideal"  output 
structures.  As  a  result,  we  feel  we  know  about  how  far  one 
can  go  in  creating  a  partial  coastal  information  system  which 
will  be  acceptable  to  and  understood  by  Navy  users  and  which, 
hopefully,  will  demonstrate  that  a  total  system  is  needed  and 
will  eventually  be  developed. 

We  have  not  considered  inputs,  except  tangentially,  both 
because:  (1)  we  are  in  no  position  to  specify  inputs  until 

specific  transformations  to  produce  specific  outputs  can  be 
described,  and  (2)  environmental  data  collection  and  storage 
is  big  business;  the  problem  v/ithin  Navy  will  be  to  satisfy 
all  users,  but  the  problem  outside  Navy  belongs  to  someone 
else:  Navy  can  request  selected  data  collected  by  other 
agencies  without  attempting  to  modify  the  collection  programs 
of  those  agencies. 

We  think  the  approach  has  been  effective.  A  review  of 
the  first  report  in  Computing  Reviews.  June  1969,  said  that 
the  problem  attacked  "may  be  regarded  as  the  analysis  of  an 
extremely  complex  management  infox-mation  retrieval  system, 
perhaps  the  most  complex  tackled  thus  far."  Despite  this, 
we  feel  we  have  in  two  years  of  what  can  really  be  described 
as  "exploratory"  effort  come  a  long  way  toward;  (1)  specifying 
the  design  requirements  of  a  coastal  information  system;  and 
(2)  pointing  out  the  changes  in  present  partial  systems  which 
must  precede  eventual  development  of  a  total,  responsive 
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system.  Just  how  far  we  have  come  is  of  course  the  subject 
of  this  report,  svimmarized  in  our  attempt  to  answer  the  next 
question. 

Have  we  made  any  concrete  progress?  We  nope  and  believe 
we  have.  But  since  this  is  applied  research,  we  have  attempted 
to  follow  what  appeared  to  be  optimum  paths  rather  than  stick 
to  a  precise  study  formula.  This  business  of  following  our 
noses  has  probably  saved  time  and  money  in  the  long  run,  but 
we  have  also  been  up  some  blind  alleys.  We  hope  to  be  excused 
for  emphasizing  our  findings  instead  of  our  mistakes  and  in 
organizing  this  report  according  to  fundaraental  concepts  in¬ 
stead  of  as  a  history  of  what  we  have  done.  Hawever,  an 
historical  record  of  our  progress  may  be  useful,  and  it  is 
sketched  out  here  to  provide  a  background  for  this  report. 

Proposals .  We  have  submitted  four  proposals  over 
the  last  two  years.  The  first  was  to  study  requirements  — 
the  needed  outputs  of  such  a  system.  The  second  was  a  small 
investigation  of  the  sensor  problem  —  in  effect,  the  prob¬ 
lem  of  automating  inputs  to  such  an  extent  that  the  human 
beings  who  still  constitute  the  vital  connecting  links  in  the 
whole  information  hardware  system  can't  maintain  the  pace. 

The  third  was  a  pragmatic  approach  to  the  transformation  prob¬ 
lem  —  an  attempt  to  find  out  what  was  happening,  and  what 
should  happen,  at  theoretical  interfaces  in  the  system  if 
postulated  outputs  were  to  be  achieved.  The  fourth  was  an 
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attempt  to  determine  the  actual  coastal  information  outputs 
that  would  exist  in  the  research  function  area,  basically  by 
extending  the  concept  of  three  dimensional  matrices  that  was 
used  to  visualize  the  output  structure. 

Evaluation.  Of  these  proposals,  that  with  the 
least  direct  application  was  the  second  —  to  study  the  sensor 
problem.  However,  it  did  lead  us  to  an  evaluation  of  auto¬ 
mation  as  an  adjunct  of  information  systems  in  general,  and 
we  came  to  a  conclusion  that  may  not  generally  be  appreciated; 
that  automation  is  neither  the  problem  nor  the  solution  to 
the  problem  of  designing  most  information  systems.  Automation 
has  been  applied,  without  much  change  in  extant  systems,  to 
data  collection,  storage  and  retrieval.  It  is  possible, 
although  we  do  not  plan  to  investigate  this,  that  automation 
has  in  these  processes  contributed  as  much  to  confusion  as 
to  efficiency. 

Of  these  proposals,  that  which  was  based  on  wrong  assump¬ 
tions  was  the  fourth  —  to  determine  actual  data  outputs  at 
Levels  2  and  3  of  the  research  function.  We  thought  research 
would  be  the  most  familiar  (to  us)  function,  and  therefore 
the  easiest  to  analyze.  Actually,  it  turned  out  to  be  the 
most  complex  function  of  all,  the  implications  of  which  in 
Navy  we  had  not  understood  (a  problem  of  instit'-tionalization 
of  a  function) ,  and  very  complex.  What  we  should  have 
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suggested  analyzing  (and  what  we  did  investigate)  was  the 
development  function. 

The  other  two  proposals  were  much  to  the  point,  and  v;e 
have  in  fact  achieved  more  than  we  thought  we  might  at  this 
point. 

Achievements  (1st  year).  Our  achievements  for  the 
first  year  are  best  summarized  in  the  final  report: 

The  basic  objective  of  the  project  as  it  devel¬ 
oped  was  to  sketch  the  overall  coastal  information 
system  as  it  looks  at  the  moment,  identify  the  prob¬ 
lems,  constraints,  and  prospects  which  face  the  sys¬ 
tem,  and  within  this  framework  make  a  more  precise 
statement  of  Navy  requirements  in  the  format  of  an 
output  structure.  (p.2) 

We  had  discovered  that:  (1)  there  was  only  sporadic 
recognition  of  the  influence  of  coastal  environn^ent  on  naval 
operations,  largely  experience-based,  and  chiefly  of  the  most 
obvious,  cyclic  elements  —  weather,  tide,  sea  state,  etc.? 

(2)  that  such  data  as  were  provided  in  an  organized  form 
(Fleet  weather  service,  intelligence  estimates,  etc.)  were  — 
in  terms  of  our  limited  sample  —  largely  in  "raw"  form  — 
i.e.,  not  translated  for  the  user;  (3)  that  there  was  no  basic 
philosophy  about  environment,  as  there  was  about  "logistics" 
or  "intelligence". 

In  this  situation  it  was  next  to  impossible  to  get  con¬ 
crete  —  and  comparable  —  answers  about  required  outputs  of 
such  a  system.  So  we  organized  data  from  interviews  with 
representatives  of  about  40  Navy  offices  and  developed  a 
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theoretical  structure  of  outputs,  which  in  effect  achieved 
three  purposes:  (1)  it  provided  a  systematic  and  realistic 
way  of  reducing  the  infinite  data  potential  in  the  term 
"coastal";  (2)  it  suggested  that  different  levels  of  users 
require  different  kinds  of  data  (which  will  of  course  ulti¬ 
mately  determine  the  mechanics  of  the  system);  and  (3)  it 
suggested  the  kinds  of  relationships  that  needed  to  be  under¬ 
stood  if  outputs  at  each  level  were  to  be  relevant. 

When  we  asked  ourselves  why  the  need  for  such  kinds  of 
data  was  not  recognized,  we  had  to  look  back  into  the  data 
flows  and  uses  within  Navy  for  the  answer.  The  only  way  to 
do  this  effectively,  we  felt,  was  to  postulate  what  ought 
to  exist  to  support  such  an  output  structure  and  then  deter¬ 
mine  whether  or  not  it  did  in  fact  exist.  Therefore,  we 
assumed  that  four  basic  naval  functions  had  to  be  supported 
in  some  fashion  by  coastal  data,  which  had  to  be  collected 
and  flow  through  Navy  somehow  to  get  to  the  proper  desti¬ 
nations.  The  question  we  asked  ourselves  was  this:  "Given 
these  basic  naval  functions  (strategic  planning,  operations, 
weapons  system  development,  and  research)  and  given  movements 
of  coastal  information  into  and  through  the  system,  what  would 
be  the  general  structure  of  coastal  information  outputs  de¬ 
signed  to  support  the  functions,  and  what  would  be  the 
pattern  of  information  flows  designed  to  support  the  outputs?" 
We  looked  at  the  Navy  realistically  as  a  system,  but  without 
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putting  institutional  labels  on  the  system  components.  Our 
approach  was,  or  was  intended  to  be,  pragmatically  conceptual. 
It  led  us  to  two  major  conclusions. 

Our  first  conclusion  was  that  coastal  information  was 
indeed  required,  and  to  a  lesser  or  greater  extent  used,  at 
both  the  command  and  support  levels  of  decision-making  for  the 
four  basic  naval  functions  —  strategic  planning,  operations, 
weapons  systems  design  and  development,  and  research.  Both 
logic  and  experience  indicate  the  importance  of  terrain, 
humidity,  sea  state,  and  the  like;  and  bits  and  pieces  of 
formal  data  systems,  some  of  them  very  large,  do  exist.  There 
is  a  lack  of  overall  coordination;  there  are  many  system 
lacunae;  some  aspects  of  a  system  are  grossly  overdeveloped 
and  some  do  not  even  exist.  Nonetheless,  it  is  possible  to 
think  veiT^  concretely  about  a  total  output  structure  for  a 
potential  system. 

Our  second  conclusion  was  that  coastal  data  did  flow 
into  and  through  the  system  and  were  being  transformed  into 
useful  outputs.  We  postulated  that  the  transformation 
processes  were  defined  by  such  terms  as  selecting,  filtering. 
monitoring,  translating,  factoring,  relating,  summarizing; 
that  they  represented  key  relationships  within  the  system 
and  with  other  systems;  and  that  these  relationships  could 
be  "located"  at  three  interfaces.  What  we  meant  was  that 
at  three  "locations"  in  the  system  the  characteristics  of 


competing,  or  at  least  different,  functions  had  to  be  re¬ 
solved  in  Navy's  favor.  One  of  these  was  the  point  at  which 
coastal  data  entered  the  Navy  system  from  outside  sources, 
and  here  all  relationships  other  than  the  environment/military 
operation  relationship  were  filtered  out.  Another  was  the 
point  at  which  areas  of  the  world  unlikely  to  have  any  signif¬ 
icance  to  Navy  in  the  foreseeable  future  were  screened  out. 

A  third  was  the  internal  Navy  bias  which  translates  most 
naval  requirements  in  terms  of  weapons  systems. 

As  we  have  defined  them,  the  interfaces  are  conceptual. 
But  they  should  exist  in  a  functional  sense  if  not  in  an 

s 

institutional  sense:  that  is  to  say,  someone,  .somewhere  in 
Navy,  should  be  involved  with  these  interface  functions, 
because  coastal  information  does  in  fact  move  into  and  through 
the  system. 

In  terms  of  these  concepts  we  drew  up  the  Coastal  Data 
Flow  Information  System  (Figure  8) .  On  the  basis  of  this 
we  suggested  in  our  first  report  that  the  second  year's 
effort  be  an  examination  of  the  real  system  as  conpared  with 
our  conceptual  system: 

The  purpose  in  doing  this  is  to  be  able  to 
make  some  generalizations  about  the  transformation 
processes  pre.sently  at  work  and  to  what  extent  they 
appear  to  be  equivalent  to  requirements.  It  is  a 
reasonable  assumption  that  the  points  at  which  the 
"real"  system  and  the  "ideal"  system  do  not  match 
are  points  about  which  some  management  decisions  can 
be  made,  (p.39} 
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2nd  year.  Our  second  year's  work  focused  on  an 


attempt  to  reproduce  "real"  and  "ideal"  —  or  better 
"theoretical"  —  systems  as  a  basis  for  such  a  comparison. 
These  systems  were  developed  on  the  informational  basis  of 
interviews  with  well  over  a  hundred  people  in  some  50  naval 
offices  and  installations  (Appendix  I);  examination  of  many 
reports  on  environmental  investigations,  chiefly  ly  naval 
laboratories,  plus  an  investigation  of  report  titles  from 
relevant  military  organizations  in  the  Technical  Abstracts 
Bulletin;  analysis  of  weapons  systems  requirements  documents 
for  both  Navy  and  Marine  Corps;  examination  of  a  number  of 
operator's  manuals,  handbooks,  training  guides,  etc.;  and 
analysis  of  reports  of  environmental  data  collection  and 
distribution  systems  within  Navy,  to  the  extent  that  the 
latter  were  unclassified  and  readily  available. 

Our  representation  of  the  "real"  system  is  shown  in  the 
diagram  The  Role  of  Coastal  Information  in  Weapons  System 
Development  (Figure  9) .  The  heart  of  the  system  is  the 
feedback  of  requirements  for  new  or  modified  weapons  systems, 
which  tics  reoearch  and  development  functions  into  the  system, 
bvt  the  purveyors  of  environmental  data  are  also  shown  in 
their  relationships  to  all  naval  functions  which  arc  hero 
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institutionally  labeled.  A  comparison  of  this  system 
(Figure  9)  with  the  system  postulated  in  our  first  report 
(Figure  8)  dicated  the  following; 

(1)  There  is  a  greater  emphasis  on  weapons:  systems  as 
the  common  denominator  of  Navy  coastal  data  requirements 
than  we  had  previously  thought,  although  we  did  recognize 
the  existence  of  a  weapons  systems  interface.  Essentially 
command  decisions  are  based  on  three  kinds  of  information: 

(a)  "intelligence"  —  information  about  the  enemy  ~  forces 
and  location,  targets,  resources,  means  of  production  and 
transport,  etc.,  deployment,  and  much  of  this  could  be 
termed  geographical  or  coastal;  (b)  "logistics"  —  infor¬ 
mation  about  his  own  weapons  systems,  their  magnitude  and 
striking  power;  and  (c)  "operating  environment"  --  infor¬ 
mation  about  the  best  location  and  time  options  that  can  bo 
chosen  for  weapons  systems  use,  and  all  of  this  can  be 
termed  coastal,  if  the  coastal  zone  is  the  operating  environ¬ 
ment. 

The  present  situation  is  that  environmental  data  must 
compete  with  intelligence  and  logistical  data  in  naval  manage 
ment  information  systems,  and  the  following  statements  con¬ 
stitute  our  present  evaluation  of  the  "status",  and  therefore 
the  competitiveness,  of  environmental  data;  (a)  many  environ 
mont-woapons  systems  relationships  arc  perceived  intuitively 
but  have  never  been  specified  in  a  design-effective  manner; 
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(b)  perception  of  importance  of  environmental  impact  varies 
widely,  a  factor  of  job,  experience,  and  training;  (c)  study 
of  given  relationships  tends  to  be  a  product  of  a  locally 
perceived  requirement,  and  the  publications  of  separate 
study  agencies  never  get  into  the  mainstream  of  the  system 
or  centralized  in  a  body  of  knowledge;  (d)  as  a  result, 
knowledge  of  specified  relationships  is  widely  scattered; 
frequently  important  findings  are  not  published;  (e)  chiefly 
the  go-no  go  inp;.cts  are  considered,  while  those  which  re¬ 
duce  output  effectiveness  or  j.ncrease  input  requirements 
are  ignored  as  being  manageable  by  the  weapons  system; 

(f)  the  sensitivity  of  weapons  systems  to  environment  varies 
a  great  deal,  and  the  first  attempts  to  implen\ent  a  data 
system  should  be  in  conjunction  with  the  most  sensitive 
weapons  systems. 

So  in  no  real  sense  does  the  weapons  systems  "interface" 
exist.  If  it  did,  tiiere  would  be  an  information  flow  corre¬ 
lating  the  four  functions  in  terms  of  impact  of  environment 
on  weapons  systono  —  i.e.,  in  terms  of  the  kinds  ot  environ¬ 
ment-weapons  systems  data  each  function  requires  for  its  own 
purposes . 

(2)  The  relationships  interface,  which  we  postulated 
as  being  outside  Navy,  exists  nowhere. 

(3)  The  priority  interface  probably  exists  in  some 
fashion.  We  did  not  attempt  to  determine  to  what  extent  it 

-  ICO  - 


did,  because:  (a)  the  information  would  undoubtedly  have 
been  highly  classified,  and  (b)  there  is  no  poiiiL  in  fac¬ 
toring  the  dcta  in  this  real-region-and-operation  fashion 
until  some  semblance  of  a  coastal  information  transformation 
process  is  set  up. 

Another  conclusion  was  that  our  conceptual  system  was 
very  fuzzy  —  a  mixture  of  functions  and  institutions,  and 
we  attempted  to  develop  a  new  theoretical  system  that  would 
meet  the  objections  of  the  present  real  system.  As  a  basis 
for  doing  this  we  attempted  to  synthesize  v/hat  wo  had 
learned,  and  in  good  Navy  fashion  reduced  this  to  four 
basic  "lessons"; 

(1)  Although  our  study  did  not  have  this  objective, 
we  felt  we  had  incidentally  discovered  a  good  deal  of  evi¬ 
dence  supporting  the  assumption  that  environmental  impact 
was  a  significant  factor  in  the  effectiveness  of  naval 
operations. 

(2)  Everything  pointed  clearly  to  the  impoi.  aiice  of 
the  critical  environment-weapons  systems  relationship, 
which  we  chose  to  refer  to  thereafter  as  naval  ecology  — 
the  science  of  the  interactions  between  environment  and 
men-and-machines  in  discrete  naval  activities. 

(3)  Since  the  funct.ir>ns  wo  had  postulated  re  fie*' ted 
Navy  thinking  and  usage.  It  became  necessary  tu  find  out 
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just  what  "research"  and  "development"  meant  in  Navy, 
because  this  became  an  important  aspect  of  marshalling 
procedures  in  an  inform- tion  system  designed  to  be  re¬ 
sponsive  to  naval  needs. 

(4)  Finally,  we  discovered  tha.t  an  information  sys¬ 
tem  is  an  extremely  sensitive  and  at  the  same  time  power¬ 
ful  process;  there  is  more  to  it  than  putting  data  into 
and  out  of  a  system.  To  be  introduced  successfully,  it 
must  reflect  current  thinking,  with  an  open-endedness 
that  encourng>_.  change.  If  it  is  introdv’ced  success¬ 
fully,  it  becomes  a  powerful  agent  for  organization  and 
change. 

Investigation  of  these  "lessons",  which  constitute 
the  chapters  of  this  report,  led  us  to  design  a  model 
of  "naval  ecology"  (Figure  7)  and  a  new  theoretical 
model  of  a  coastal  information  system  (Figure  10) .  In 
effect,  these  models  constitute  our  major  findings; 

(1)  That  it  is  possible  to  begin  to  build  from 
present  knowledge  of  the  effect  of  environment  on  single 
components  of  equipment,  or  materiel,  or  people  —  stated 
in  such  terms  as  traf f icability,  x'usting,  fatigue  —  an 
aggregated  and  extrapolatable  body  of  information  con¬ 
cerning  the  effect  of  environment  in  a  specific  region 
of  the  world  on  a  given  operation;  and 
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(2)  That  it  is  possible  now  to  introduce  a  partial 
prototype  coastal  information  system  which  will  produce 
command  level  outputs  to  all  four  functions  for  an  amphib¬ 
ious  operation. 

Our  recommendations  for  following  work  are  that  pre¬ 
cisely  these  efforts  be  undertaken. 
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Commander  Sullivan 
OP-343  Amphibious  Warfare 

Dr.  Sachs  and  Mr.  Goodman 
OP-96  Systems  Analysis 

Dr.  J.  Lawson 
Director,  Naval  Labs 

Captain  Becker 

OP-973,  Strategic  Command  &  Control  Systems 

Dr.  W.  P.  Raney,  Dr.  Waterman,  Capt.  David  Bill, 

Capt.  Robert  Schneiwind 
OASN,  R&D 

Dr.  Tierney 

Oceanographer  of  the  Navy 
Commander  Pelton 

OP-724,  Coiiunand,  Control  &  Communications 
Commander  Harley  Wilber 

CNA  Military  Project  Officer  for  "Ocean  Surveillance  Study" 

Mr.  Donald  Moe 
OP-961 

Capt.  C.  F.  rielme,  Jr. 

OP-951,  Director  Technical  Appraisal  &  Requirements  Div. 

Capt.  J.  A.  Lovington 

CNA,  Asst.  Technical  Director  for  Naval  Matters 
Commander  B.  Ireland 

TERRIER/TARTAR/STANDARD  Missile  Branch  NAVORD 
Capt.  E  A.  Short 

OP-914,  Head  Information  Systems  Coordination  &  Development  Br. 

R.  L.  Wilson 
NAVAIRSYSCOMD  -  PMA  55 

Mr.  James  Martin 

Navy  Ordinance  Lab,  Underwater  Evaluation  Dept. 

Capt.  V.  P.  O'Rourke,  Mr.  John  Reproth 

NAVAIRSYSCOMP  -  Director,  Aircraft  &  Air  to  Air  Missile  Dev.  Br. 
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Lt.  Col.  D.  C.  Stanton 
DONO,  Plans  and  Policy 

Lcdr.  J.  J.  Maloney 

Naval  Weather  Service  Command  Hqs. 

Commander  W.  T.  Hale,  Commander  Karl  H.  Farber 
Naval  Ships  Systems  Command  Hqs. 

Lt.  (jg)  D.  E.  Puccini 
Navy  Oceanographic  Office 

Lt.  J.  C.  Naquin 
Experimental  Diving  Unit 

Lcdr.  r.  L.  Hendrickson 

NMC,  CNM  Designated  Projects  Officer 

Mr.  F.  Knoop 

Naval  Facilities  Engr.  Command  Hqs. 

Mr.  Francis  J.  Romano 
Research  Directorate 

Commander  R.  T.  Quinn 

NAV  SHIPS,  Applied  Research  Division 

Lt.  Col.  J.  R.  Luckett 

NMC,  Amphibious  Warfare  Office 

J.  E.  Shreve 

NAVORD  0531,  Mine  Warfare  Div. 

Mr.  C.  T.  Smith,  Mr.  F.  G.  Reilly 
NAVORD  0822,  Nuclear  Applications 

R.  M.  Holcombe 

NAVOGEANO,  Marine  Sciences  Dept.,  Ocean  Analysis  Div. 
L.  B.  Bertholf 

NAVOCEANO,  Nearshore  Surveys 

Coimnander  Kaiser,  Coimnander  Stockr,  Lt.  Col.  Stanton 
OPNAV  06C,  War  Gaming 

Commander  Farber 
Naval  Ship  Eng.  Center 
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Conunander  Stanley,  Lcdr.  Marshall 
Naval  Inshore  Undeirwater  Warfare  Group 
Long  Beach,  California 

Mr.  Hov/ard  Schafer 

Naval  Weapons  Center  -  Environmental  Criteria  Determination 
China  Lake,  California 

Dr.  G.  Gordon  Hammer 

U.  S.  Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  California 

Capt.  S.  J.  Caldwell 
Naval  Beach  Group  One 
San  Diego,  California 

Cdr.  F.  R.  Kaine,  Lcdr.  Connelly 
Naval  Operation  Support  Group 
Coronado,  California 

Commander  Sansoucy,  Lcdr.  Sutter,  Lt.  Hightower 
Commander  Amphibious  Forces,  ACOS  for  Intelligence 
San  Diego,  California 

Lcdr.  H.  Nicholson 

Fleet  Numerical  Weather  Center 

Monterey,  California 

Mr.  George  Anderson 

Naval  Underwater  Warfare  Center,  Ocean  Sciences  Dept. 

San  Diego,  California 

Capt.  W.  C.  Wells,  Lcdr  Boehm,  Lt.  Schuller 
Naval  Inshore  Operational  Training  Center 
Vallejo,  California 

Mr.  Thomas  Odum 
USN  Mine  Defense  Lab 
Panama  City,  Fla. 

Commander  Robert  Uhwat 

OP-701,  Development  Planning  Div.,  Program  Management  Branch 
Capt.  Bombroff 

OP-32,  Deputy  Director  Anti-Submarine  Warfare  &  Ocean 
Surveillance  Division 


Mr.  Ervin  Kapos 

CNA,  Marine  Corps  Analysis  Group  (MCAG) 

Mr.  L.  Heselton  (Capt.  Ret.  USN) 

Center  for  Naval  Analysis 

Lcdr.  John  W.  Skillman 

OP-90D36  Program  Information  Section 

Commander  Dave  Hurt 

OP-322,  ASW,  Ocean  Surveillance  Div.  Air  Section 
Lcdr.  Eugene  Spadoni 

OP-605D6,  General  Purpose  Objective  Forces 
Amphibious  Mine  Warfare  &  Operations  Officer 

Capt.  Zimmerman 

Head,  Mine  Warfare  Branch 
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